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FOKEWOED 

By Sir BOVERTON REDWOOD, Bart., 

Past- President of the Society of Chemical Industry ; Adviser on 
Petroleum to His Majesty's Oovernment, 

Although the literature of petroleum has now grown to considerable 
dimensions, the subject is so wide, and the need for highly specialised 
information on every branch so great, that it is not surprising that 
the ground has not been covered. 

For a long time past there has been increasing need for a treatise 
on petroleum refining, and the deficiency has at length been met by 
the publication of Mr Andrew Campbell's work. 

It has been cynically said that writers on technical subjects 
may, with few exceptions, be divided into those who are gifted with 
the power of lucid exposition but have little knowledge, and those 
who are fully informed, but are unable or unwilling to impart what 
they know. • 

The author of the present work is one of the exceptions. His 
long practical experience has given him unique opportunities of 
acquiring the fullest information in regard to the principles and 
practice of petroleum refining, and those who read what he has written 
will be satisfied that all that is worth stating has been most clearly 
expressed in well-chosen language, devoid of unnecessary technicalities. 

The result is a treatise which wiU not only be indispensable to 
all who are engaged in the refining of petroleum, but will be of great 
value also to the far larger number, occupying official or commercial 
positions, who ought to know how the products which they are called 
upon to deal with are manufactured and tested. 

The work has the further merit of being well illustrated, and it 
has been produced in the admirable manner characteristic of the 
firm by whom it is published. 

BOVERTON REDWOOD. 
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PKEFACE. 

The fact that no book existed devoted solely to petroleum refining 
led me to believe that the work now presented might prove useful 
to the industry. 

It is not historical or controversial, but merely an attempt to 
describe methods employed for preparing marketable products from 
petroleum, in both laboratory and works practice, coming within 
my own purview. These are the ordinary methods of refining, and 
do not embrace " cracking," which has been largely developed in 
America during the last few years. 

The List of References likely to be useful to refiners in their work, 
and forming the Appendix (p. 223) is not claimed to be complete, 
and some difficulty has been experienced through the difference in 
spelling of authors' names in various journals. These have been 
arranged, as correctly as possible, in the Name Index, and I trust 
that any inaccuracies will be forgiven.. The object of both Appendix 
and Name Index is to provide for refiners a wide and varied collection 
of the titles of papers read before and communicated to scientific 
societies, and published in their journals, books, etc., in a condensed 
form, which, it is hoped, will prove convenient and useful. Many of 
the original articles are in foreign languages, but the references 
given are in English, and will assist the searcher in deciding whether 
or not inquiry should be prosecuted to the source. The period 
covered dates from the inauguration of the Society of Chemical 
Industry, during which time the greatest developments in the 
petroleum industry have occurred. 

The various authorities quoted in the text are duly acknowledged, 
and besides these I am indebted to : — 

Mr F. Esling, A.I.C., for the descriptive sketch of experimental 
still ; Mr E. Lawson Lomax, F.C.S., M.Sc, for preparing the notes 
on pitch ; Miss L. G. Stevens, for assisting with proof reading and 
indexing ; Mr R. I. Watson, for advice regarding compilation ; 
Mr W. J. Wilson, for assistance in preparing the Appendix ; Mr 
John Gillespie, M.I.M.E. (A. Gillespie & Son, consulting engineers, 
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Glasgow), is entitled to an especial expression of indebtedness for 
preparing the Engineering Specifications (Chap. IX.), and for the 
original drawings of figs. 62, 53, 54, 55, 57, 58, 59, 60, 61, 62, 63, 
68, 69, 133, 134, 135, 136, 137, and 138. 

For descriptions of plant, etc., and for lending blocks and draw- 
ings for reproduction, my best thanks are diie to the under- 
mentioned: — 

Messrs Baird & Tatlock, Glasgow, scientific instruments ; Mr 
Herbert Barringer, London, M.Inst. C.E., water-finder ; Mr Edward 
Cowles, Hounslow, candle machinery ; Messrs J. & E. Hall, 
Ltd., Dartford, refrigerators ; Messrs S. H. Johnson & Co., Ltd., 
Stratford, pyramid filter presses ; Messrs J. Rhodes & Sons, Ltd., 
Wakefield, tin-can machinery ; Messrs George Scott & Co. (London), 
Ltd., extractor and soda plant ; Mr Henry Simmons, London, 
fillers and water-finder; Messrs The Steel Barrel Co., Ltd., Uxbridge, 
welded containers ; Messrs Tintometer Co., Ltd., Salisbury, Lovi- 
bond's tintometer ; Messrs E. & F. N. Spon, Ltd., kindly per- 
mitted the reference on page 140. 

The patent referred to on page 118 has since been granted. 

The book is dedicated to John Traill Cargill, Esq., Chairman of 
the Burmah Oil Co., Ltd., with which the major part of my experi- 
ence has been gained, and with whose permission the work was 
entered upon. 

That its publication should be undertaken by Messrs Charles 
GriflSn & Co., Ltd., is most gratifying to me, as their wide experience 
has proved a safeguard to my first literary eflfort, and such colla- 
boration has been a very pleasant experience. 

In conclusion, I desire to tender my grateful thanks to Sir Boverton 
Redwood, Bart., for his encouragement in the preparation of the 
manuscript, for examining it and permitting quotations from his 
Treatise on Petroleum^ and for so kindly adding his generous Foreword, 

ANDREW CAMPBELL. 

Bbckbnham, Kent, 
AprU 1918. 



Digitized by 



Google 



CONTENTS. 

CHAPTER I. 
EKAMINATION OF THE CRUDE OIL. 

PACJB 

Dirt and Water — Specific Gravity — Flashing-Point — Setting and Solidifying 
Point — ^f^stimation of Benzine, Kerosene, etc. — Estimation of Sulphur 
and Calorific Value — Chemical Treatments — Viscosity — Colour — 
Pitch Testing — Conclusion . . . . . . . . 1 

CHAPTER II. 

GENERAL DEPARTMENTS. 

Office — Laboratory — Workshops — Lighting — Steam — Power — Traction — 
Roads — Drainage — Water Supply — Fire Service and Precautions — 
Housing — ^Effect on Health — Layout ...... 97 

CHAPTER HI. 

STORAGE OF CRUDE OIL AND LIQUID PRODUCTS. 

Tanks — Arrangement — Bunds — Prevention of Evaporation — Lightning 
Conductors — Painting and Cleaning — Swing Pipes — Foundations — 
Me€hsurement of Contents — Water-Finders — Calculation of Deliveries 106 

CHAPTER IV. 

DISTILLATION. 

Crude Oil Plant — ^Topping Stills — ^Tnraible's Still — Allan's Atmospheric 
Condenser — ^Henderson's Continuous Stills — ^Continental Continuous 
Stills — Preheaters — Pitch and Coking Stills — Vacuum Distillation — 
Lubricating Oil StiUs — ^Kerosene Redistillation — Benzine Rectifica- 
tion — Dephlegmators — Condensers — Coolers . . . . .111 

CHAPTER V. 

PARAFFIN EXTRACTION AND REFINING. 

Refrigeration — Submerged and Atmospheric Condensers — ^Ammonia and > 
Carbon Dioxide Systems — Steam and Electric Power — Oil Coolers — 
Henderson's Cooler — Bryson's Cooler — Thompson's Cooler — Pre- 



Xll PETROLEUM BEFINIKQ. 

PAQB 

limineuy Exchanger — ^Filter Presses — ^Hydraulic Presses — Scale — 
Filter and Hydraulic Press Cloth — Trieste Cooling System for 
Paraffin Oils — Henderson's Sweating Stove — Modified Sweating Stove 
for Tropical Work — ^Henderson's Cylindrical Stove — ^Pyzel's Sweating 
Plant — ^Decolorisation . , . . . .142 

CHAPTER VI. 

CANDLE MANUFACTURE. 

Arrangement of Buildings — Packing Materials — Shocks — Nailing Machines 
— Paraffin and Stearine — Composite Candles — Bending-Point — Illumi- 
nating Power — Coloured Cemdles — Wicks — " Pickling " — Layout of 
Machinery — Tools — Tubs — Steam- Jacketted Pans — Moulding 
Machinery — Steam and Water — Outturn of Machines — Self-Fitting 
Candles — Night Lights — Fancy and Decorated Candles . . 167 

CHAPTER Vn. 

CHEinCAL TREATMENTS. 

" Washers " for Benzine, Kerosene, and Heavy Oils — Air Agitation — 
Treatment with Sulphuric Acid, Caustic Soda, Litharge, Potcissium 
Permanganate — Gray's Typhoon Washer — Absorption Washing for 
Petrol — Edeleanu's SOj Treatment for Kerosene .177 

CHAPTER VIII. 

DISTRIBUTION OF PRODUCTS. 

Packing of Petrol, Kerosene, euid Heavy Oils — Hemmed Edge Tin-Making 
Plant — Soldering by Dipping and Machinery — Filling Machines — 
Petrol Tin-Washing Machine — Painting Tins and Drums — Welded Steel 
Barrels and Dnmas — Underground Storage System for Petrol — Barrel 
Cleaning and Repairing and Making — Filling and Despatching . .192 

CHAPTER IX. 
ENGINEERING SPECIFICATIONS. 

Temks — Stills — Preheatera — Receivers — Condensers — Washer . . . 209 

Appendix ............ 223 

Subject Index ........... 283 

Name Index ........... 289 



Digitized by 



Google 



LIST OF ILLUSTKATIONS. 

KG. PAOB 

1. Sutherland bulb . . . ' 2 

2. Specific gravity bottle 3 

3. „ „ „........• o 

4. Pyknometer ........... 3 

5. Westphal balance .......... 3 

^. Ordinary hydrometer .4 

7. Stronger „ ......... 4 

8. Thermo- „ 6 

9. Hydrometer jar .6 

10. Modified Abel-Pensky apparatus with two thermometers ... 6 

11. Gray's flash-point appeu'atus . . .7 

12. „ „ „ ........ 8 

13. Abel steuidard fiaah-point apparatus ...... 12 

14. Modified Abel's cup with stirrer ....... 20 

15. Abel-Pensky testing instrument ....... 34 

16. „ „ „ 36 

17. Engler distillation flask 47 

18. Modified lamp- test apparatus for sulphiur .61 

19. Mahler bomb calorimeter ........ 64 

20. Experimental five-gallon still . ..... to face p. %\ 

21. 12-pear dephlegmator . . .66 

22. Glinsky „ 66 

23. Le Bel-Henniger dephlegmator ....... 66 

24. Laboratory filter press . .67 
26. 9, sepcu^ator ......... 69 

26. Shaking machine .......... 70 

27, 28. Redwood viscometer 72 

29. Tintometer, monocular form ........ 80 

30. „ for opaque objects ....... 80 

31. „ for dark-coloured oils ....... 81 

32. „ monocular arrangement for pale liquids . . .81 

33. „ powder tray ........ 82 

34. „ complete curangement ....... 83 

36. Apparatus for Kovdc's method ....... 87 

36. Ductilometer (Smith's) 89 

37. Dow penetration machine ........ 90 

38. Offices and laboratory f^ ^ face p, 97 

A/v ^nr , Digitizedby VjO*^ "^ i/wt 

39. Works separator .^ .^ . . 100 

40. Fir^-traps .101 



XIV PETROLEUM REFli^ING. 

»ia. PAGR 

41. 1,000,000-gallon tank on fire 102 

42. Debris left after fire had burned out . .103 

43. Redwood-Barringer water-finder . . . .108 

44. Simmons' water-finder . . . . .109 
46. Topping still 112 

46. „ „ with fractionating preheaters .113 

47. Trumble still (section) 116 

48. „ topping plant . . .116 

49. ,, still separator . . . .117 

50. Allan's atmospheric condenser . . .119 

61. Henderson's continuous distillation plctfit to face p, 120 

62. C!6ntinuous still with internal flues . » . . . . „ 120 

63. „ „ 99 „ „ in brickwork setting . ,, 120 

64. Distillate preheater ....... ,,120 

66. Residue „ (longitudinal section) . . . „ 120 
56. Diagram of continuous distillation plant provided with distillate and 

residue preheater ......... 122 

67. Details of taU-box ....... to face p, 122 

58. Plan of continuous stills with preheaters ,,122 

69. Cylindrical pitch still ,,122 

60. Cooling tank for pitch ,,122 

61. Section and flange of cast-iron still bottom (spherical) . . .123 

62. „ „ „ M „ (flat) . . . .124 

63. Section coking still with coil condenser, showing vacuum 

receiver ......... to face p. 124 

64. Scheme of distilling plant with low vacuum . .126 
66. Heckmann benzine still . . . .126 

66. Two 10,000-gallon benzine stills, showing steam connections . .127 

67. „ >9 >» tt 99 continuous connection . 128 

68. Details of coil condenser tank and vacuum fittings . . to face p. \2S 

69. Condenser temk with radiator connections . . . ,,128 

70. Scheme of intermittent distilling plant with crude oil preheaters . 130 

71. Preheating diagrams 134 

72. Refrigeration diagram 143 

73. Electrically driven CO, refrigerator 144 

74. Steam . » » »» ...... 146 

76. Duplex steam-driven refrigerating plant to face p, 14^5 

76. Henderson cooler 146 

77. Bryson „ . . .148 

78. Thomson „ 149 

79. Hydraulic filter press (plan, elevation, and end view) . to face p, 160 

80. Details of three-throw heavy oil and paraffin pumps „ 160 

81. Pyramid filter press (section) 161 

82. „ 9, »» (drainage surface) 162 

83. Hydraulic press .......... 163 

84. Arrangement of parafl&n shed ..... to face p. 154: 
86. ,, » crystallising plant 166 

86. Trieste system of oil cooling ..166 

87. Henderson's sweating stove (tray form) . . .Digitized by Vj.OO^ I 167 
^8. Campbell's " pull-out " sweating stove 169 



LIST OF ILLUSTRATIONS. XV 

Fia PAGE 

89. Henderson's sweating stove (cylindriccd form) . . , . .160 

90. PyzeFs sweating plant . . .161 

91. Sweated paraffin 162 

92. Scott extractor 163 

93. ., , 164 

94. Bauxite wax filter 165 

96. Arrangement of Bryson wax filter ..... to face p. 166 

96. Box-nailing machine ......... 168 

97. Plan of candle miachine room ....... 169 

98. Melting pan 170 

99. Candle-making tools ....... to/oce p. 170 

100. Candle-moulding machine ........ 171 

101. ,, machine, with steam and water connections . .172 

102. ,, moulding machine (self -fitting) ...... 173 

103. Night-light moulding machine . . . . . .174 

104. Draw-wick pan .......... 176 

105. " Fancy " domestic candles ...... to/ace p. 176 

106. Gray's patent typhoon agitator . . . . . .179 

107. Elevation and plan of continuous benzine washing plant . .180 

108. Lamps burning oil before emd after SOi treatment . .181 

109. Scheme of refining plant (Edeleanu process) . . . .185 

110. Scheme of the Edeleanu process . . . . . .186 

111. Soda recovery plant . . . ... . . 190 

112. Body trimming press ......... 192 

113. Roll-hemming press . . . . . 193 

114. Pemelling and bending press . ....... 194 

115. Grooving and homing „ ....... 195 

116. Top and bottom cutting and embossing press . . . ; 196 

117. Tops of cems 197 

118. Squeezing meu)hine ......... 198 

119. Rolling „ 199 

120. Screw caps 199 

121. Tin handle 200 

122. Wire-handle machine . . . . . . 200 

123. Dipping stove .......... 200 

124. Filling machine (four gallons) . . . . . .201 

126. Simmons' two-gallon filling machine, 1916 . to face p. 200 

126. „ four- „ „ „ ... „ 200 

127. Petrol tin washing machine ........ 202 

128. Underground welded tank. Petrol storage ..... 203 

129. Welded petrol tank for motor weCgon ...... 204 

130. Setting-up apparatus for barrels ....... 205 

131. Hoop-driving machine ........ 206 

132. Adjustable barrel filler 207 

133. General arrangement, 2,000,000-gallon ta^k . . to face p. 210 

134. Details of framing, „„„... „ 210 
136. ^ „ fittings, „ „ „ . . . „ 210 

136. Marks for erection of „ „ „ . . . „ 212 

137. Detfiuls of oylindriced receivers . . . • Digitized by GoQqI@18 

138. Vertical oil washer ,,222 



LIS'T OF TABOLES. 



TABLE • PAGB 

I. Relation of flashing-points to barometrio pressure . . . .^22 

II. For correction of flashing-point for variations in barometric pressure 26 
III. Initial test-point for various beirometric pressures . . . .36 

rV. Correction of apparent flashing-points to the normcd barometric 

pressuire .......... 39 

V. Comparative tests of the bomb and lamp methods ... 52 

VI. Tanks 106 

VII. Constants of products . . .141 

VIII. Tests of oils before and after SO, treatment . . .183 

IX. Peurticulars of tank riveting . . .210 

X. Peurticulars of steel tanks ...... to face p. 212 

XI. ,, ,, ....... „ 212 



Digitized by 



Google 



PETROLEUM REFINING. 



CHAPTER I. 
EXAMINATION FOB YIELDS OF MARKETABLE PBODUGTS. 

Thb first step to be taken by an oil refiner in considering a refining 
problem is the examination of the crude material with a view to 
determining (1) quality and quantity of marketable products, and 
(2) the necessary plant required therefor. 

In these connections the points for determination are : — 

1. Estimation of dirt and water, if any. 

2. Specific gravity. 

3. Flashing-point. 

4. Setting or solidifying point. 

5. Estimation of benzine, kerosene, and heavy oil by Engler's 
method. 

'6. Estimation of sulphur content, if any, and calorific value. 
7. Examination of 6 per cent, fractions obtained by distillation 
of not less than 5 gallons. 

1. Estimation of Dirt and Water. — This is best accomplished in 
a Sutherland bulb (fig. 1). 

A measured quantity of the oil is placed in the bulb, which is 
kept in a water-bath maintained at a temperature about 180° F. 
until complete separation is effected. The amount of solid matter 
and water settled out may then be observed in the graduated tube 
fused to the bottom of the bulb, and the result calculated to percentage . 

If the oil is volatile, it may be necessary to tie down the stopper 
to prevent loss by evaporation, and if of a heavy viscous nature, 
the sample should be mixed with a measured quantity of kerosene 
to efiFect more rapid separation. 

For all the following tests the oil must be free from the presence 
of dirt and water, if any should be present, in original samples. 

2. Specific Gravity. — With the exception of pitch and solid 
paraffin, all petroleum products are liquid or semi-liquid. The 
specific gravity of pitch should be determined by the method de- 
scribed on p. 85. The specific gravity of wax (solid paraffin) may 
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also be deterlrilhed by'th6 ordinary method for solids lighter than 
water, or, at a temperature at which it is liquid, by the hydrometer, 
but for all practical purposes the specific gravity of solid paraflSn 
may be taken as 0-8 compared with water 10 at 60° F. The specific 
gravity of all other products may be determined by one or other of 
the several methods used for liquids, but the instrument generally 
employed is the hydrometer. Specific gravity reported without 
reference to the temperature of determination is understood to be 
at the normal temperature, 60° F. It is not necessary, and not 
always convenient, to determine specific gravity of oils at that 
temperature, and if determined at a higher or lower temperature a 
correction is made for coefficient of expansion, as explained later. 
If the temperature of determination is higher, the figure 
equal to the number of degrees above 60° F. is added 
to, and if lower deducted from, the actual Specific 
gravity determined. 

As regards coefficient of expansion, Sir Boverton 
Redwood ^ says : — ** The following corrections for each 
1° F. should in practice be made. For products lighter 
than kerosene, 000040 to 000048 ; for kerosene, 000040 ; 
for gas oils, 000036; for lubricating oils, 000034." 

The temperature at which the specific gravity of heavy 
oils containing pataffin, or of highly viscous oils, is deter- 
mined should only be high enough to allow the operation 
FiQ. 1.— to be performed without the oil becoming too viscous, or 
*^"^b^b*°** the solid paraffin, should it contain any, crystallising. 

Specific gravity, or density of a liquid, or solid body, is 
its weight, as compared with that of an equal volume of pure water, 
at 60° F. = 15-5°C.* 

The methods for the determination of specific gravity are : — 
(1) For solids, the chemical balance ; and (2) for liquids, the chemical 
balance and the hydrometer. The latter is the instrument generally 
used throughout the petroleum industry, both in laboratory and 
refinery practice. It is usual to preserve standard hydrometers and 
thermometers for checking the inaccuracies of those issued to work- 
men engaged throughout the refinery, and scientific instrument- 
makers supply these, with a certificate of accuracy granted by the 
National Physical Laboratory after the instruments have been 
tested. 

Hydrometers may be checked by immersing them in a liquid 
the specific gravity of which has been determined by the chemical 
balance. 

For the determination of the specific gravity^ecniWQilid bodj% 
* Treatise an Petroleum, 3rd Ed., vol. i. p. 218. 
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which is insoluble in, but heavier than, water, it is first weighed in 
air in the ordinary manner, and then weighed in distilled water at 
60° F., the normal temperature. When the substance is lighter than 
water, after its weight is determined in the ordinary manner, it is 
attached to a weight sufficiently heavy to sink it in the water. Should 
the substance, the specific gravity of which has to be determined, 





Fig. 2. — Specific gravity bottle. 



Fio. 3. — Specific gravity bottle. 



be soluble in water, a liquid in which it is insoluble, and of known 
specific gravity, is employed. If the substance is in a powdered 
condition it is weighed in a specific gravity bottle, which is afterwards 
filled with distilled water and again weighed. 

Liquids are weighed in a bottle. Fig. 2 shows a form which is 



Fio. 4. — Pyknomotcr. 




Fio. 5. — Wcatphal balance. 



used for all liquids. It is graduated to its capacity by a mark on 
the neck, and is provided with a perfectly ground, blown glass stopper. 
Another form of bottle used for non- volatile liquids is that illustrated 
by fig. 3. The stopper of this is perforated so that it may be filled 
completely. 

The pyknometer, or Sprengel tube (fig. 4), is also used for the 
determination of specific gravity, and under certain conditions is 
more convenient than the bottle. The latter, however, is the vessel 
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employed when specific gravities are checked on the balance. It is 
unnecessary to refer further to the former. 

Special balances are made for observing the specific gravity of 
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^Fio. 6. — Ordinary hydrometer. 



Fig. 7. — Stronger hydrometer. 



liquids. The Westphal balance is one of this type (fig. 5). Before 
being used it is adjusted to be in equilibrium when the plummet is 
in the air. The liquid to be tested is placed in a glass jar and the 
plummet suspended in it. If water is the liquid, the largest and 
heaviest rider must be placed on the hook, from which the plummet 
hangs, to restore equilibrium. The balance beam is divided into 
ten equal parts, indicated by notches, and rider weights are provided, 
each one-tenth the weight of the next largest. 

The Sartorius specific gravity balance is another instrument of 
this type. 

The specific gravity balance is very convenient when conducting 
a laboratory distillation in small fractions. 
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The foregoing brief general description of the apparatus and 
methods used for determination of specific gravity by the chemical 

balance is only given here for the informa- 
tion of those readers unfamiliar with such 
processes. Many works on chemical analysis 
contain the full definitions and explanations 
of the subject, to which reference may be 
made. 

Fig. 6 illustrates the ordinary hydrometer. 
When it is immersed in a liquid it sitiks, the 
specific gravity being indicated by the number 
on the stem level with the surface of the 
liquid. Hydrometers are made in series, say 
from -660 to -700, -700 to -760, and so on. 
Fig. 7 shows a stronger form of instrument. 

Hydrometers are also made with a ther- 
mometer fixed inside the bulb and stem, 
enabling the temperature and specific gravity 
to be observed at exactly the same moment 
without the use of a separate instrument to 
ascertain the temperature (fig. 8). The com- 
mon type of vessel for containing the liquid 
to be tested is the hydrometer jar (fig. 9). 
^^^^^^^^^^^^^^ Thermometers graduated both in the 
Fio. 8,-Thermo.Hydrometer. Fahrenheit and Centigrade scalesjare em- 
ployed. In the refinery the former has 

become customary, while in the laboratory flash-points, 

melting-points, and setting-points are usually determined 
by the Fahrenheit, and fractionations conducted by 
the CSentigrade, scale. The one may be converted to 
the other by making the following calculations : — 

°F to T.— 

°F.-32 

— :: — X5=°C. 




T. to °F.— 



°C.x9 



-32 = °F. 



Tables for the comparison of the two scales will be Fio- 0.— 
fmind in miny books of reference. Hydrometer 

Hydrometers are also made in degrees Baum6, but 
these are not employed to any extent by British refiners. It is^ 
necessary to check cargoes reported in that scale, and this may be 
done by the following calculations^: — 
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60° F.— 



(>()" F.— 



140 



140 
- 130 ---degrees Baume. 



sp. gr. 

Another scale for the graduation of hydrometers is that known as 

the '' Twaddell." It has become the practice in refineries to express 

, the strength of acid and 

soda solutions in terms 
of that scale. When 
necessary these may be 
converted into specific 
gravity by multiplying 
the degrees Twaddell 
by 5, adding 1000, and 
dividing the result by 
1000.1 

3. Flashing-point is 
the lowest temperature 
at which an oil, when 
heated at a determined 
rate, gives off vapour 
which will " flash " 
when a light is applied. 

For the examination 
of crude petroleum, 
or fractions distilled 
therefrom, the ** close '" 
type of apparatus is 
employed. A variety 
of instruments have 




Fig. 10. — Abel-Pcnflky apparatus. Showing position of 
two thermometers for testing low-flash oils solid at 
ordinary temperatures. 



been designed for the close test, but the following may be accepted 
as standards : — 

(1) The Abel standard flash-point apparatus (fig. 13). 

(2) The Abel-Pensk}^ apparatus (Redwood modifteation), with 
additional side thermometer (fig. 10). 

(3) The Gray flash-point apparatus (figs. 11 and 12). 

The first instrument is employed for all oils liquid at ordinary 
temperatures flashing within the range of temperatures specified in 
the directions for its use, which must be carefully adhered to. It 
may also be used for flash-points up to 150° F. by increasing the 
temperature of the water in the heating vessel. r^ooolp 

* A useful volume containing all such data is Redwood and '^astlake's 
Petroleum Technologist's Pocket Book (C. Griffin & Co., Ltd.). 
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The second instru- 
ment is used for testing 
crude oils, which, though 
nx>t liquid at ordinary 
temperatures, give oflf 
inflammable vapour. 

The Gray tester is for 
" heavy " oils, and may 
be used for all oils 
flashing over 150'' F. 

The "open" flashing- 
point may be determined 
in the cup of any of the 
above instruments from 
which the cover has been 
removed and arrange- 
ment made for the suspen- 
sion of the thermometer. 

The "fire" test is the 
temperature at which 
the vapours from an 
oil heated in an open 
vessel will, when a light 
is applied at regular in- 
tervals, "-fire " and con- 
tinue to burn. 

The following quota- 
tion ^ explains the »ap- 
pliqation of these two 
tests and their value 
for ascertaining the 
homogeneous character 
of an oil when considered 
in conjunction with the 
close -test results : — 

"These tests, in con- 
junction with the close 
test, give some idea 
as to the homogeneous 
character of the sample 
under examination. 

* Lctboratory Book of Min- 
eral Oil Testing, Jas. A. Hicks 
(C. GriflSn & Co., Ltd.). 




Plan, slide open. 




fp & 



Plan, slide closed. 



ng^-ini 




nzD 




Elevation. 9'^'zed by VjUOglC 
Fio. 11. — Gray's flash-point apparatus. 
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" It is possible, for instance, to detect the presence of a small 
percentage of a light oil in a lubricant by the wide range covered by 
the three tests. Very often, in such cases, if the proportion of light 
oil be not too great, by allowing the cupful to cool after the fire test 




Fio. 12. — Gray's flash-point apparatus. 

is taken, and then repeating the whole experiment, a very great 
diflFerence between the first and second close tests, a smaller difference 
bStween the open tests, and a practical agreement between the fire 
tests will confirm such an inference. But it must always be remem- 
bered that this treatment will invariably cause some alteration in 
the lower figures. 

" The usual way of taking the open and fire tCvSts is to continue 
the heating when the close test has been ascertained, and, removing 
the lid of the cup, to hang the thermometer from a retort stand with 
its bulb immersed about a quarter of an inch below the surface of the 
oil. Where absolute accuracy is needed, a fresh portion of oil should 
be taken, and the open test and fire test made with the lid of the cup 
removed throughout the experiment, and the level of the oil at the 
temperatures of the results not much more than an eighth of an inch 



EXAMINATION FOB YIELDS OF MARKETABLE PRODUCTS. 9 

below the top of the cup. At every 2° P. a test-flame of gas, A^ of 
an inch in diameter, is passed across the surface of the oil slightly 
below the level of the cup, taking care that it does not come in con- 
tact with the oil. The heating remains at the same rate of 10° F. 
a minute. That point at which a flicker of flame covers the wJiole 
of the surface is noted as the open flash, and the fire test is 'the tem- 
perature at which the oil vapours continue to burn until the next 
application of the flames is due. 

" The two higher tests may also be performed by heating 
the oil in a porcelain crucible of about two inches diameter in a 
sand-bath. The crucible is filled to about a quarter of an inch 
from the top, and the level of the sand and oil should be in the 
same plane. 

" In the absence of coal-gas for the test-flame a useful substitute 
can be provided by hydrogen or air which has been passed through a 
Woulff's bottle containing cotton-wool saturated with light petroleum 
spirit." 

The following extract with reference to the designs and methods 
of using the Abel and Abel-Pensky instruments is reproduced here 
for ready reference from the Third Edition of Sir Boverton Redwood's 
Treatise on Peiroleumy vol. ii. : — 

" In 1876 the Government, with the concurrence of the Metro- 
politan Board of Works and of the Petroleum Association, requested 
Sir Frederick Abel to experimentally investigate the matter, with 
a view to placing it on a satisfactory basis. The questions referred 
were as foUows : — 

" (1) Whether the method of testing petroleum as prescribed 
in Schedule 1 of the Petroleum Act, 1871 (34 & 36 Vict., c. 
105), is such as uniformly to" ensure reliable and satisfactory 
results. 

" (2) If not, what alterations in the method of testing petroleum 
should be adopted to secure such results, due regard being had to 
the fact that the testing must, in many instances, be carried out 
by persons who have had comparatively little experience in con- 
ducting delicate experiments. 

** (3) Assuming it to be, in your opinion, desirable to obtain a 
* flashing-test ' for petroleum, whether the present * flashing-point ' 
of 100° F. (or its equivalent under any modified method of testing 
which you may propose) is, in your judgment, calculated to afford 
adequate protection to the public, without unduly interfering with 
or restricting the trade ; if not, what alteration in this respect 
should be made. OoOQle 

*' After a prolonged and exhaustive experimental mqiiiry, in^nich 
Dr Kellner rendered valuable assistance, Sir Frederick Abel presented 
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to the Secretary of State an elaborate report, dated 12th August 1876, 
wherein the questions enumerated were thus answered : — 

** (1) The method of testing petroleum as prescribed in Schedule 1 
of the Petroleum Act, 1871 (34 & 35 Vict., c. 105), is not of a 
nature ' uniformly to ensure reliable and satisfactory results.' 

" (2) %A. method of testing petroleum has been elaborated for 
adoption in place of that prescribed by the Petroleum Act, 1871, 
due regard having been had to the fact ' that the testing must, in 
many instances, be carried out by persons who have had compara- 
tively little experience in conducting delicate experiments.' This 
method, while resembling in its general nature the one hitherto 
used, is free from the defects inherent in the latter, and is so arranged 
that it can be carried out, with the certainty of furnishing uniform 
and precise results, by persons possessing no special knowledge or 
skill in manipulation. With ordinary attention in the first instance 
to simple instructions, different operators cannot fail to obtain 
concordant results with it, and it is so nearly automatic in its nature 
that it is not, like the present method of testing, susceptible of 
manipulation so as to furnish different results at the will of the 
operator. 

" (3) There are not, in my judgment, any well-established grounds 
for considering that the present flashing-point of 100° F. is not 
* calculated to afford adequate protection to the public' 

** (4) With the employment of the new test, a minimum flashing- 
point should therefore be adopted, which is equivalent, or as nearly 
as possible so, to the flashing-point of 100° F., as furnished by the 
prcvsertt test. 

** In the determination of the equivalent flashing-point, it was 
obviously necessary to deal with the conflicting views already referred 
to as to the proper mode of conducting the test with the open-cup 
instrument. The author was enabled to assist Sir Frederick Abel 
in the conduct of this portion of the inquiry, but before the test 
standard was even provisionally fixed, Mr T. W. Keates, as repre- 
senting the Metropolitan Board of Works, and Mr John Calderwood, 
on behalf of the Scottish Mineral Oil Association, were also consulted. 
Eventually, as the result of the joint experiments, it was ascertained 
that the difference between the flashing-points obtained with the 
open-cup instrument and those furnished by the Abel apparatus 
usually ranged from 25° to 29° F. Adopting the mean difference 
of 27°, the new standard was accordingly fixed at 73° F. The author 
then applied the two tests to 1000 samples of American kerosene, 
the first 968 samples consisting of the ordinary oil of commerce, 
and the remaining 32 of " water-white " oil. The following were 
"•he results obtained : — 
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92 samples showed a difference between the two tests of 25 



208 
225 
281 
162 

968 



26° 

27° 
28° 
29° 



'* On the other hand, the majority of the last 32 samples gave 
smaller differences, as follows : — 

9 samples showed a difference between the two tests of 20° 

1 sample ,, „ ,, ,, ,, 21° 

9 samples 

1 sample 

4 samples 

8 





^ X 




22° 




23° 




24° 




25° 



32 

"These, however, all consisted not of ordinary petroleum oil, but 
of the special kind which is known in the trade under the name 
of ** water-white oil," and, therefore, the exceptional results afforded 
by them do not affect the question at issue, and are of interest only 
as showing that samples may be selected or specially prepared having 
flashing-points by the two systems more closely approximating than 
those of the ordinary petroleum oil of commerce. This ** water- 
white oil," as is well understood, possesses the distinctive feature 
of low specific gravity in addition to that of high flashing-point, 
being, in fact, produced at a considerably enhanced cost, by rejecting, 
in the process of distilling the crude oil, an unusually large proportion 
of the heavier as well as the lighter hydrocarbons, and doubtless 
this accounts for the smaller difference between the two tests. 

*' Before the new test was legalised, the author proceeded (in 1877) 
to New York for the purpose of submitting the instrument to the 
inspectors appointed by the New York Produce Exchange, and 
arranging for its use in testing kerosene intended for shipment to 
this country. 

''The Abel Test. — The result of Sir Frederick's investigation was 
the legalisation, on 11th August 1879, of the ** Abel test.'' The 
instrument and its use are thus described in the Petroleum Act of 
that date : — 
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''FIRST SCHEDULE. 

Mode of Testing Petroleum so as to ascertain the 
Temperature at which it will give off Inflammable 
Vapour. 




Fw. 13. — Abel standard flash-point apparatus. 



''Specification ol the Test Apparatus (fig. 13).— The following is 
a description of the details of the apparatus : — 

" The oil-cup consists of a cylindrical vessel 2 inches diameter, 
2t% inches height (internal), with outward projecting rim {"o inch 
wide, I inch from the top, and 1| inches from the bottom of the 
cup. It is made of gun-metal or brass (17 B.W.G.) tinned inside. 
A bracket, consisting of a short stout piece of wire bent upwards, 
and terminating in a point, is fixed to the inside of the cup to serve 
as a gauge. The distance of the point from the bottom of the cup 
is IJ inches. The cup is provided with a close-fitting overlapping 
cover made of brass (22 B.W.6.), which carries the thermometer 
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and test-lamp. The latter is suspended from two supports from 
the side by means of trunnions, upon which it may be made to 
oscillate ; it is provided with a spout, the mouth of which is iV inch 
diameter. The socket which is to hold the thermometer is fixed 
at such an angle and its length is so adjusted that the bulb of the 
thermometer, when inserted to its full depth., shall be 1| inches 
below the centre of the lid. 

" The cover is provided with three square holes — one in the centre, 
A inch by t^ inch, and two smaller ones A inch by As inch close 
to the sides and opposite each other. These three holes may be 
closed and uncovered by means of a slide moving in grooves, and 
having perforations corresponding to those on the lid. 

'" In moving the slide so as to uncover the holes, the oscillating 
lamp is caught by a pin fixed in the slide and tilted in such a way 
as to bring the end of the spout just below the surface of the lid. 
Upon the slide being pushed back so as to cover the holes, the lamp 
returns to its original position. 

'* Upon the cover, in front of and in line with the mouth of the 
lamp, is fixed a white bead, the dimensions of which represent the 
size of the test-flame tp be used. 

" The bath or heating- vessel consists of two flat-bottomed copper 
cylinders (24 B.W.G.) — ^an inner one of 3 inches diameter and 
2| inches in height, and an outer one of 5| inches diameter and 
5| inches in height ; they are soldered to a circular copper* plate 
(20 B.W.G.) perforated in the centre, which forms the top of the 
bath, in such a manner as to enclose the space between the two 
cylinders, but leaving access to the inner cylinder. The top of the 
bath projects both outwards and inwards about f inch ; that is, its 
diameter is about f inch greater than the body of the bath, while 
the diameter of the circular opening in the centre is about the same 
amount less than that of the inner copper cylinder. To the inner 
projection of the top. is fastened, by six small screws, a flat ring of 
ebonite, the screws being sunk below the surface of the ebonite 
to avoid metallic contact between the bath and the oil-cup. 
The exact distance between the sides and bottom of the bath and 
of the oil-cup is J inch. A split socket similar to that on the cover 
of the oil-cup, but set at a right angle, allows a thermometer to be 
inserted into the space between the two cylinders. The bath is 
further provided with a funnel, an overflow-pipe, and two loop 
handles. 

** The bath rests upon a cast-iron tripod stand, to the ring of 
which is attached a copper cylinder or jacket (24 B.W.G.) flanged 
at the top, and of such dimensions that the bath, while firmly resting 
on the iron ring, just touches with its projecting top the inward- 
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turned flange. The diameter of this outer jacket is 6 J inches. One 
of the three legs of the stand serves as a support for the spirit-lamp 
attached to it by means of a small swing bracket. The distance 
of the wick-holder from the bottom of the bath is 1 inch. 

" Two thermometers are provided with the apparatus — ^the one 
for ascertaining the temperature of the bath, the other for determining 
the flashing-point. The thermometer for ascertaining the tempera- 
ture of the water has a long bulb and a space at the top. Its range 
is from about 90° to 190° F. The scale (in degrees of Fahrenheit) 
is marked on an ivory back fastened to the tube in the usual way. 
It is fitted with a metal collar, fitting the socket, and the part of 
the tube below the scale should have a length of about 3J inches, 
measured from the lower end of the scale to the end of the bulb. 
The thermometer for ascertaining the temperature of the oil is fitted 
with collar and ivory scale in a similar manner to the one described. 
It has a round bulb, a space at the top; and ranges from about 
55° F. to 150° F. ; it measures, from end of ivory back to bulb, 
2J inches." 

Note, — A model apparatus is deposited at the Weights and Measures Depart- 
ment of the Board of Trade. 



DIRECTIONS FOR APPLYING THE FLASHING-TEST. 

"fl) The test-apparatus is to be placed for use in a position 
where it is not exposed to currents of air or draughts. 

** (2) The heating vessel or water-bath is filled by pouring water 
into the funnel until it begins to flow out at the spout of the vessel. 
The temperature of the water at the commencement of the test 
is to be 130° F., and this is attained in the first instance either by 
mixing hot and cold water in the bath, or in a vessel from which 
the bath is filled, until the thermometer which is provided for testing 
the temperature of the water gives the proper indication ; or by 
heating the water with the spirit-lamp (which is attached to the 
stand of the apparatus) until the required temperature is indicated. 

** If the water has been heated too highly, it is easily reduced 
to 130° by pouring in cold water little by little (to replace a portion 
of the warm water) until the thermometer gives the proper reading. 

** WTien a test has been completed, this water-bath is again raised 
to 130° by placing the lamp underneath, and the result is readily 
obtained while the petroleum-cup is being emptied, cooled, and 
refilled with a fresli sample to be tested. The lamp is then turned 
on its swivel from under the apparatus, and the next test is 
proceeded with. Digitized by CjOO^Ic 

*' (3) The test-lamp is prepared for use by fitting it with a piece 
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of flat plaited candle-wick, and filling it with colza or rape oil up 
to the lower edge of the opening of the spout or wick-tube. The 
lamp is trimmed so that when lighted it gives a flame of about 015 
of an inch in diameter, and this size of flange, which is represented 
by the projecting white bead on the cover of the oil-cup,^ is readily 
maintained by simple manipulation from time to time with a small 
wire trimmer. 

" When gas is available it may be conveniently used in place of 
the little oil-lamp, and for this purpose a test-flame arrangement 
for use with gas may be substituted for the lamp. 

" (4) The bath ha^ng been raised to the proper temperature, 
the oil to be tested is introduced into the petroleum-cup, being 
poured in slowly until the level of the liquid just reaches the point 
of the gauge which is fixed in the cup. In warm weather the 
temperature of the room in which the samples to be tested have 
been kept should be observed in the first instance, and if it exceeds 
65°, the samples to be tested should be cooled down (to about 60°) 
by immersing the bottles containing them in cold water, or by any 
other convenient method. The lid of the cup, with the slide closed, 
is then put on, and the cup is placed into the bath or heating vessel. 
The thermometer in the lid of the cup has been adjusted so as to 
have its bulb just immersed in the liquid, and its position is not, 
under any circumstances, to be altered. When the cup has been 
placed in the proper position, the scale of the thermometer faces 
the operator. 

" (5) The test-lamp is then placed in position upon the lid of the 
cup, the lead-line or pendulum, which has been fixed in a convenient 
position in front of the operator, is set in motion, and the rise of the 
thermometer in the petroleum-cup is watched. When the tempera- 
ture has reached about 66°, the operation of testing is to be commenced, 
the test-flame being applied once for every rise of one degree in the 
following manner : — 

"The slide is slowly drawn open while the pendulum perfoims 
three oscillations, and is closed during the fourth oscillation. 

** Note. — If it is desired to employ the test apparatus to determine the 
flashing-point of oils of veiy low volatility, the mode of proceeding is to be modified 
as felloe's : — 

** The air-chamber which surrounds the cup is filled with cold water to a 
depth of IJ inches, and the heating vessel or water-bath is filled as usual, but 
also with cold water. The lamp is then plficed under the apparatus, and kept 
there during the entire operation. If a very heavy oil is being dealt with, the 
operation may be commenced with water previously heat<;ci to 120*^, instead of 
with cold water. 



^ " It was at first intended merely to speciiy the size of the flame, but as>it 
was found difficult to judge of the diameter, the bead was added at the suggestion 
of the author." 
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" The pendulum described in (5) measures 24 inches from the point 
of suspension to the centre of gravity of the weight. The author 
has found it convenient to employ a synchronised pendulum clock, 
or a metronome, when making a large number of tests. 

" The Abel instruments employed in the United Kingdom by the 
inspectors appointed in accordance with the provisions of the 
Petroleum Acts are standardised by the Weights and Measures 
Department of the Board of Trade. 

"The Petroleum Act, 1879, gives no specific directions applicable 
to the testing of indiarubber solution, and to meet this deficiency 
the first schedule of the Inflammable Liquids Bill, 1891, contained 
the following addition to the instructions for the use of the test 
apparatus : — 

'' If the flashing -test has to be applied to substances of a viscous 
or semi-solid nature which cannot be poured (such as solutions of 
indiarubber in mineral naphtha), the mode of proceeding is as 
follows : — ^About a tablespoonful of the substance to be tested is 
placed in the cup, and the cover is put on. The air-chamber in 
the water-bath is filled with water to a depth of IJ inches, and the 
temperature of the water-bath is raised to 76° (for which purpose 
the scale of the thermometer to be used in the water-bath should 
range from 60° to 180°). 

" The cup is then put into the bath, and the temperature of 
the water-bath maintained at 76° throughout the test. After the 
lapse of fifteen minutes the test-flame is to be applied. If i^o flash 
occurs, the heating is continued for another fifteen minutes ; and 
the test-flame again applied, and so on until a flash takes place, 
or the temperature in the cup has reached 75° ; [if a flash occurs 
at or] ^ below 72°, the substance under examination has an observed 
flashing-point of less than 73°. The temperature at which a flash 
occurs is the observed flashing-point of the substance, and, subject 
to correction for atmospheric pressure as hereinbefore described, 
is the true flashing -point. 

** Although some paints containing petroleum, such as anti-fouling 
and anti-corrosion compositions applied to ships' bottoms, and some 
compounds used as liquid metal polish, are neither viscous nor semi- 
solid and can be poured, their flashing-points cannot be satisfac- 
torily determined in the manner prescribed for the testing of petroleum 
owing to their being insufficiently fluid to admit of the formation of 
convection-currents. In other words, the heat applied by means of 
the water-bath and air-jacket does not circulate'! freeh' through the 
contents of the oil-cup, with the result that the part of the liquid 
undergoing the test which is in contact with the walls of the cup 

* The words in square brackets liave apparently been inadvertently omitted. 
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acquires a much higher temperature than is indicated by tte ther- 
mometer, and a flashing-point may be thus recorded which is far 
below the true flashing-point. For the eflScieiit testing of such liquids 
a stirrer in the oil-cup is needed." 

The following semi-official memorandum on this subject was 
published in The Times of 17th May 1904 :— 

" Fetrolenm Acts. — It has recently come to our knowledge that 
attempts are being made by officers of local authorities to apply the 
legal test for petroleum to samples of liquid metal polish, and we 
have satisfied ourselves by experiment that the results thus obtained 
are sometimes entirely misleading, as they do not represent the tem- 
perature of the portion of the liquid from which inflammable vapour 
is being evolved. 

" In carrying out the test prescribed by the Petroleum Act, 1879, 
the sample under examination is slowly heated in a closed cup, and 
the temperature is indicated by a thermometer, the bulb of which 
is immersed in the liquid in the centre of the vessel. In these circum- 
stances, the heat communicated to the sample through the walls of 
the cup creates, in such a liquid as petroleum, convection-currents, 
and through the circulation thus set up the temperature of the 
contents of the cup is equalised, and the thermometer correctly indi- 
cates the temperature at which inflammable vapour is evolved by 
the liquid. 

** On the other hand, if the sample contains solid matter in sus- 
pension, as is the case with the liquid metal polish in question, the 
formation of convection-currents is interfered with, and the surface 
of the liquid from which inflammable vapour is evolved acquires 
a higher temperature than that of the portion in contact with the 
bulb of the thermometer. Thus, as we have ascertained experi- 
mentally, the thermometer may indicate a temperature of 59** F., 
when the temperature of the surface is 83° F., and a sample may be 
erroneously reported as having a flash-point below the legal limit of 
73° F., when the true flash-point is far above the limit. 

" No doubt this would have been provided for when the Act was 
passed if, at that time, the need for applying the test to such sub- 
stances had been foreseen, but it was not until judgment in the case 
of The London County Council t). Holzapfels Compositions Company, 
Limited, was given in 1899 that mixtures containing petroleum were 
held to be petroleum within the meaning of the Acts. 

" In our Handbook on Petroleum, published in 1901, we referred, 
on p. 90, to the necessity for a stirrer in the oil-cup when the test 
specified in the Petroleum Act is employed for the testing of paints 
and other substances containing petroleum, and when opportunity 
occurs for a revision of the law this addition will doubtless be legalised. 
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" We are, however, of opinion that, in the meantime, authorities 
charged with the administration of the Petroleum Acts should be 
made aware of the circumstances we have referred to, and that testing 
officers should take steps to ascertain the true flash-point of samples 
of liquid metal polish or other substances which are not thoroughly 
liquid, and, therefore, cannot be satisfactorily tested in precise accord- 
ance with the directions given in the schedule to the Act. In many 
instances it may be possible to obtain a sample of the petroleum used 
in the substance, or the solid matter present in the sample can be 
removed by straining or filtration, care being taken to avoid loss of 
the more volatile constituents by evaporation, when the separated 
liquid can be tested in the prescribed manner. The liquid should 
not, however, be separated by distillation, as this operation may 
yield a distillate of lower flash-point than that of the petroleum with 
which the mixture was made. For guidance in determining whether 
there has been any infraction of the law, the sample may also be tested 
in an apparatus provided with an efficient stirrer. In any case of 
doubt as to the true flash-point of the material, we would suggest 
that reference should be made to His Majesty's Inspector of Explo- 
sives, at the Home Office, who will be prepared to give advice as to 
the course which should be adopted. 

"J. H. Thomson, Captain, 
"H.M. Chief Inspector of Explosives. 

** BovERTON Redwood, 
"Adviser on Petroleum to the Home Office." 

" 30th April 1904." 

By an Order in Council, dated 7th May 1907, it was directed that 
certain portions of the Petroleum Acts, 1871 to 1881, shall apply to 
mixtures of petroleum, and the following instructions for testing 
were given : — 



(( 



DIREGTIGNS FOR TESTING FETBOLETTM MIXTUBES. 



" (1) Liqiiid Mixtures. — Where the petroleum mixture is wholly 
liquid, flows quite freely, and does not contain any sediment or thick- 
ening ingredient, such mixture shall be tested in the manner set 
forth in Schedule One to the Petroleum Act, 1879. 

" (2) Viscons and Sedimentary Mixtures. — Where the petroleum 
mixture contains an undissolved sediment, as in the case of some metal 
polishes, which can be separated by filtration or by settlement and 
decantation, the sediment may be so separated, and the decanted 
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liquid may be tested in the manner set forth in Schedule One to the 
Petroleum Act, 1879. 

*• In carrying out such separation, care must be taken to minimise 
the evaporation of the. petroleum. The separation of the sediment 
must not be effected by distillation. 

" Where the petroleum mixture is such that sediment cannot be 
separated by the aforementioned means, or where it is of a viscous 
nature, as in the case of indiarubber solution, quick-drying paints, 
etc., such mixture shall be tested in the apparatus modified as shown 
in the drawing hereto (fig. 14). This apparatus differs from that 
prescribed in Schedule One to the Petroleum Act, 1879, only in the 
addition of a stirrer to equalise the temperature throughout the 
sample under test. 

" In carrying out the test of a viscous petroleum mixture, this 
stirrer shall be constantly revolved at a slow speed, except when apply- 
ing the test-flame, with the fingers, the direction of revolution being 
that of the hand of a clock. 

" With the exception of the use of a stirrer, the manner of carrying 
out the test shall be that set forth in Schedule One to the Petroleum 
Act, 1879. 

" The stirrer may be removed by grasping the spindle just above 
the blades with the finger and thumb, and unscrewing the upper 
sheath. The opening in the lid, through which the stirrer passes, 
may then be closed by a plug provided for the purpose. 

" When this has been done, the apparatus shall be deemed to 
comply with the specification set forth in Schedule One of the 
Petroleum Act, 1879, and may be used for testing ordinary petroleum 
or solid petroleum mixtures. 

" A model of the aforementioned apparatus will be deposited with 
the Board of Trade, and the provisions of section 3 of the Petroleum 
Act, 1879, in regard to verification and stamping, shall apply also to 
such apparatus as though it were the apparatus prescribed by the 
said Act. 

"For the purpose of carrying out such verification the stirrer 
shall be removed and the opening plugged as hereinbefore directed. 
The apparatus shall then be tested with ordinary petroleum. The 
stirrer shall be verified by comparison of measurements. 

" (3) Solid Fetrolenm Mixtures. — Where the petroleum mixture is 
Kolid, as in the case of naphtha soaps, etc., the apparatus to be used 
for the test shall be that prescribed in Schedule One of the Petroleum 
Act, 1879. 

" The method of carrying out the test of such solid mixture shalj 
be as follows : — 

" The solid mixture must be cut into cylinders 1^ inches long and 
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J inch in diameter, by means of a cork borer or other cylindrical 
cutter having the correct internal diameter. These cylinders are to 
be placed in the petroleum-cup of the testing apparatus in a vertical 
position in such number as will completely fill the cup. The cylinders 
must be in contact with one another, but must not be so tightly packed 
as to be deformed in shape. 

" Five or six of the cylinders in the centre of the cup must be 
shortened to | inch to allow space for the thermometer bulb. 

" The air-bath of the testing apparatus must be filled to a depth 
of IJ inches with water. The water-bath must then be raised to and 
maintained at a temperature of about 75° F. 

" The cup must then be placed in the air-bath, and the tempera- 
ture of the sample must be allowed to rise until the thermometer in 
the oil-cup shows 72° F., when the test-flame must be appUed. 

" If no flash is obtained, this temperature must be maintained 
constant in the oil-cup for one hour, at the expiration of which time 
the test-flame must again be applied. 

" If a flash is obtained, the solid mixture will be subject to the 
provisions of the Petroleum Acts in virtue of this Order. 

" Note. — It may in many cases save time in testing samples of petroleum 
mixtures to apply the test-flame after the sample has been a few minutes in 
the cup and while still at the temperatiu-e of the room in which the test is 
being carried out, provided that this temperature is below 73° F. If a flash 
IB obtained by this means, it is unnecessary to proceed with the test at a higher 
temperature." 

« EFFECT OF VARIATIONS IN BAROMETRIC FRESSXTRE. 

** It was soon found that the results obtained with the Abel instru- 
ment differed materially according to the barometric pressure at the 
time of testing. This source of variation appears to have been first 
observed accidentally in Germany, and, as the result of a series of 
experiments made in an air-tight chamber in the Jewish Hospital in 
Berlin, it was ascertained that the difference in the flashing-point 
amounted to about 0-30° C. for each 10 millimetres difference in the 
barometric column. A table of corrections was accordingly prepared 
in Germany for use with the Abel-Pensky tester, as described on 
pp. 241, 242, and 244, vol. ii. 

'' Experiments at Different Altitudes in Switzeriand.— To obtain 
further evidence as to the effect of alteration in barometric pressure 
on the flashing-point, a series of experiments was conducted by the 
author in consultation with Sir Frederick Abel at different altitudes 
in Switzerland, and- results exhibiting a difference of about 2° F. in 
the flashing-point for 1 inch difference in barometric pressure were 
obtained. 
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" The experiments were, however, not carried out with a view of 
determining the exact extent of variation, the number of tests made 
being insufficient to form the basis of a table of corrections. The 
results actually obtained are given in the following table : — 



'* TABLE I. — Relation of Flashing-Point to 
Barometric Pressure. 
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London 
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Paris. 
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8-6* 


Mean difference in flaahing-| 












point per inch of mercurial \ 


205° 


2° 


2-238° 


1-93° 


1-76° 


column . . J 













''Effect of a Tropical Climate. — It was also found that the effect 
of a tropical climate upon the liberation of vapour from the oil 
resulted in the flashing-point being considerably lowered, and as 
the Indian Government, in adopting the Abel test, had copied the. 
directions verbatim from the English Act, the result was that several 
cargoes of oil, which were certified as of proper flashing-point at the 
time of shipment, were refused admittance at the port of Calcutta. 

''Experimental Investigations in India and in London. — In order 
to investigate the matter, the author proceeded to India, and from 
a series of experiments made there and afterwards in England in 
conjunction with Sir Frederick Abel, and with the assistance of 
Dr KeUner, it was demonstrated that a much lower flashing-point 
than that furnished in a temperate climate was liable to be obtained 
when the Abel test was employed in a tropical climate in the 
manner prescribed in the English A<>t. Further experiments made 
by Dr Warden, analyst to the Government of Bengal, Professor 
(now Sir Alexander) Pedler, Dr Lyon, Sir Frederick Abel, Dr Kellner, 
and the author, showed that the depression in the flashing-point 
was largely due to disengagement of vapour in the act of filling 
the oil-cup. Although prolonged cooling of ^h^e^j:yl( minimised the 
liability to such disengagement of vapour, it was found that the 



EXAMINATION FOR YIELDS OF MARK£!TABLE PRODUCTS. 23 

only practical means of eliminating this source of error was to get 
rid of the vapour before commencing the test or before the flashing- 
point was reached. 

" Modiflcations Proposed. — The vapour was readily removed by 
gently blowing over the surface of the oil before placing the cover 
on the cup, or by the use of an aspirator attached to the cover, or 
by leaving the test-slide withdrawn for some time ; but the method 
finally adopted consisted in commencing the test many degrees below 
the flashing-point, so that the vapour is withdrawn by the current 
of air created by the t«st-flame, in successive quantities too small to 
cause a flash before active volatilisation of the oil begins. Thus 
modified, the test gives results at a tropical temperature which agree 
very closely with those which it furnishes in a temperate climate. 
The slight loss of volatile constituents which occurs when the test is 
so performed is of no practical importance, since such loss takes place 
even by exposure to the air in hot climates (see a joint communication 
from Sir F. Abel and the author in the Chemical News, 2nd May 1884). 

" Directioiis for Condncting the Test in Temperate Climates.— In 
October 1887 Sir Frederick Abel drew up the following directions 
for the use of the Abel instrument in temperate climates : — 

'<DIREGTIONS FOR PREPARING AND USING APPARATUS 
FOR TESTING PETROLEUM OIL. 

" (These Directions apply to the use of the Abel tester in tem- 
perate climates.) 

" (1) Preparing the Water-Bath. — ^The water-bath is filled by pour- 
ing water into the funnel until it begins to flow out at the overflow- 
pipe. The temperature of the water at the commencement of each 
test,- as indicated by the long-bulb thermometer, is to be 130° F., 
and this is attained in the first instance by mixing hot and cold water, 
either in the bath or in the vessel from which the bath is fiUed, until 
the thermometer which is provided for testing the temperature of the 
water gives the proper indication ; or the water is heated by a spirit- 
lamp (which is attached to the stand of the apparatus) until the 
required temperature is reached. 

"' (2) Preparing the Test-Lamp. — ^The test-lamp is fitted with a 
piece of cylindrical wick of such thickness that it fills the wick-holder, 
but may readily be removed to and fro for the purpose of adjusting 
the size of the flame. In the body of the lamp, upon the wick, which 
is coiled within it, is placed a small tuft of cotton-wool moistened 
with petroleum, any oil not absorbed by the wool being removed. 
When the lamp has been lighted the flame is adjusted until it is the 
size of the bead fixed on the cover of the oil-cup. 
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" (3) FillillK the Oil-Cup. — The oil-cup is placed on a level surface 
in a good light, and the oil to be tested is. poured in without splashing, 
until its surface is level with the point of the gauge which is fixed 
in the cup. The oil should be poured from a suitable small vessel, 
never direct frpm a large can. The round-bulb thermometer is in- 
serted into the lid of the cup, care being taken that the projecting 
rim of the collar touches the edge of the socket ; the test-lamp, pre- 
pared as already described, is placed in position, and the cover put 
on to the cup and pressed down so that its edge rests on the rim of 
the cup. 

" (4) The Application of the Test. — The water-bath, with its ther- 
mometer in position, is placed in some locality where it is not exposed 
to currents of air, and where the light is sufficiently subdued to admit 
of the size of the test-flame being compared with that of the bead 
on the cover. The cup is carefully lifted without being shaken, 
placed in the bath, and the test-lamp lighted. The thermometer in 
the oil-cup is now watched, and when the temperature has reached 
66*^ F. (the sample, if necessary, having previously been cooled to 
below that temperature by immersing the vessel containing it in cold 
water), the operation of testing is to be commenced, the test-flame 
being applied for every rise of one degree. 

*' If the oil-cup is provided with the automatic (Pensky's) arrange- 
ment for opening and shutting the slide, the clockwork is wound up 
by turning the knob from left to right, and set in motion by pressing 
the trigger.^ 

** If the slide is intended to be moved by hand, it should be drawn 
open slowly and shut quickly. The exact time to be observed in 
this operation is regulated by the swing of the pendulum supplied 
with this form of instrument. The opening of the slide should take 
the time of three oscillations, the shutting of the slide the time of the 
fourth oscillation of the pendulum. (By one oscillation is meant the 
passage of the ball of the pendulum from the greatest distance from 
the vertical on the one side to the greatest distance on the other.) 

** If a flash occurs at the first application of the test-flame (at 
66° P.), or at any point below 73° F., the operation is to be repeated 
with a fresh portion of the oil, which is cooled down to 55° F. before 
being placed in the cup. The first application of the test-flame is 
made when the temperature of the oil has reached 60° F. 

" In repeating a test, a fresh sample of oil must always be used, 
the tested sample being thrown away. 

'' Correction for Atmospheric Pressure. — As the flashing-point 
of an oil is influenced by changes in atmospheric pressure to an , 

* This refers to the Abel-Pensky apparatus, described on pp. 238, 239, 240, 
vol. ii., of Redwood's Treatise on Petroleum, (This work, pp. 32, 33, 34.) 
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average extent of l-B"^ F. for every inch of the barometer, a correction 
of the observed flashing-point may become necessary. The height 
of the barometer must, therefore, be determined at the time of making 
the test for the flashing-point. An aneroid barometer is supplied 
for this purpose. To faciUtate the correction of a flashing-point for 
pressure a table is appended (see Table II.) giving the flashing-points 
of oils ranging from 65° to 80° F. (at 30 inches) under pressures 
ranging from 27 to 31 inches of mercury. 

** The table is used in the following manner : — 

" Example. — An oil has given a flashing-point of 71°'F., the baro- 
meter being 28-6 ; take the nearest number to 71° in the vertical 
column headed 28-6. This number is 70-8. Substitute for this 
number in the same horizontal line in the column headed 30 (the 
normal height of barometer). The substituted number — i.e. the 
true flashing-point of the oil — is 73° F. 

" Legislation in India.^The Indian Petroleum Act, 1899, of which 
an abstract will be found in the section dealing with Legislation, 
gave power to the Governor-General in Council to alter or add to 
the prescribed tests. The schedule relating to testing, as modified 
up to 1st November 1903, is given'in full in the following paragraphs. 
Since the Abel test was legalised in India, it has been found necessary 
to determine the flashing-point of Burma crude petroleum which is 
solid at common temperatures. In testing this oil in the Abel instru- 
ment, active evolution of vapour commences while the bulk of the 
oil in the cup remains solid, and the thermometer therefore does not 
indicate the temperature of the oil in contact with the walls of the cup 
from which vapour is being evolved. To meet this difficulty, the 
author suggested the addition of a sensitive thermometer, which 
is fixed in the cover of the oil-cup in a vertical position, so that the 
small cylindrical bulb is just immersed in the oil, and is distant only 
a tenth of an inch from the side of the cup. This modification has 
been adopted. 

''TESTIN6-SCHEDXTLE OF INDIAN FETROLEXTM ACT, 1899 
(as modified np to 1st November 1903). 

" I. NATURE OF THE TEST APPARATUS.^ 

" The apparatus consists of the following parts : — 

"(1) The oil-cup. 

** (2) The cover with slide, test-lamp, and clockwork arrangement 
for opening and closing the holes in the cover and for dipping the test- 
Digitized by ^OQQlC 

1 This is the Abel-Pensky apparatus hereafter described (see pp. 238r*239, 
240, vol. ii., of Redwood's Treatise on Petroleum). (This work, pp. 32, .33, 34.) 
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" (3) The water-bath or heating vessel. 

'* (4) The tripod stand with jacket and spirit-lamp for heating the 
water-bath. 

" (5) The thermometer for indicating the temperature of the oil 
in the oil-cup. 

" (6) The thermometer for indicating the temperature of the water 
in the water-bath. 

" (7) The thermometer for indicating the temperature of the oil 
before it is poured into the oil-cup. 

" (8) The dropping bottle or pipette for replenishing the test- 
lamp ; and 

" (9) A barometer standardised at the meteorological office of the 
province or at any other place appointed by the Local Government. 

** The oil-cup is a cylindrical, flat-bottomed vessel made of gun- 
metal or brass, and tinned or silvered inside. A gauge is fixed to 
the inside of the cup to regulate the height to which it is to be filled 
with the sample under examination. 

" The cup is provided with a close-fitting overlapping cover, which 
carries the thermometer, the test-lamp and the adjuncts thereto. 
The test-lamp is suspended upon two supports by means of trunnions, 
which allow it to be easily inclined to a particular angle and restored 
to its original position. The socket in the cover, which is to hold 
a round-bulb thermometer for indicating the temperature of the oil 
during the testing operation, is so adjusted that the bulb of the latter 
is always inserted in a definite position below the surface of the 
liquid. 

** The cover is provided with three holes, one in the centre and 
two smaller ones close to the sides. These are closed and opened 
by means of a pivoted slide. When the slide is moved so as to 
uncover the holes, the suspended lamp is caught by a projection 
fixed on the slide, and tilted in such a way as to bring the end of the 
spout just below the surface of the lid. As the slide moves back 
so as to cover the holes, the lamp returns to its original position. 
Upon the cover, in front of and in a line with the nozzle of the lamp, 
is fixed a white bead, the diameter of which represents the size of 
the test-flame to be used. 

" The water-bath or heating vessel is so constructed that, when 
the oil-cup is placed in position in it, an air-space or air-chamber 
intervenes between the two : consequently, in applying the test 
under ordinary circumstances, the heat is transmitted gradually 
to the oil from the hot water through the air-space. The water- 
bath is fitted with a socket for receiving a long-bulb thermometer, 
to indicate the temperature of the water. It is also provided with a 
funnel, an overflow-pipe, and two handles. 
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** The water-bath rests upon a tripod stand, which is fitted with 
a copper cylinder or jacket, so that the bath is surrounded by an 
enclosed air-space, which retains and regulates the heat. One of the 
legs of the stand serves as a support for a spirit-lamp^'hich is attached 
to it by a small swing bracket. 

** The clockwork arrangement, by which, during the operation of 
testing, the slide is withdrawn, and the test-flame dipped into the 
cup and raised again as the slide is replaced, is provided with a 
ratchet key for setting it in action for each test, and with a trigger 
for starting it each time that the test-flame is applied. 

'II. DIRECTIONS FOR DRAWING THE SAMPLE AND 
PREPARING IT FOR TESTING. 

** (1) Drawing the Sample. — In all cases the testing officer or some 
person duly authorised by him shall personally superintend the 
drawing of the sample from an original unopened tin qr other vessel. 

** An opening sufficiently large to admit of the oil being rapidU^ 
poured or siphoned from the tin or other vessel shall be made. 

" Two bottles, each of the capacity of about forty fluid ounces, 
are to be filled with the oil. One of these, the contents of which is 
intended to be preserved for reference in case of need, is to be carefully 
corked, the cork being well driven home, cut off level with the neck, 
and melted sealing-wax worked into it. The other bottle may be 
either stoppered or corked. 

" (2) Preparing the Sample for Testing. — About ten fluid ounces 
of the oil, sufficient for three tests, are transferred from the bottle 
into which the sample has been drawn to a pint-flask or bottle, which 
is to be immersed in water artificially cooled until a thermometer, 
introduced into the oil, indicates a temperature not exceeding 50° F. 

" III. DIRECTIONS FOR PREPARING AND USING THE 
TEST APPARATUS. 

" ( 1 ) Preparing the Water-Bath. — The water-bath is filled by pour- 
ing water into the funnel until it begins to flow out at the overflow- 
pipe. The temperature of the water at the commencement of each 
test, as indicated by the long-bulb thermometer, is to be 130° F., and 
this is attained in the first instance by mixing hot and cold water, 
either in the bath or in a vessel from which the bath is filled, until 
the thermometer which is provided for testing the temperature of 
the water gives the proper indication ; or the wat^r is heated by means 
of the spirit-lamp (which is attached to the stand of the apparatus) 
until the required temperature is indicated. ^ 
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" (2) Preparing the Test-Lamp. — The test-lamp is fitted with a 
piece of cylindrical wick of such thickness that it fills the wick- 
holder, but may readily be moved to and fro for the purpose of 
adjusting the size of the flame. In the body of the lamp, upon the 
wick, which is coined within it, is placed a small tuft of cotton-wool, 
moistened with petroleum, any oil not absorbed by the wool being 
removed. When the lamp has been lighted the wick is adjusted by 
means of a pair of forceps until the flame is of the size of the bead 
fixed on the cover of the oil-cup ; should a particular test occupy 
so long a time that the flame begins to get smaller, through the 
supply of oil in the lamp becoming exhausted, three or four drops 
of petroleum are allowed to fall upon the tuft of wool in the lamp 
from the dropping bottle or pipette provided for that purpose. This 
can be safely done without interrupting the test. 

*' (3) FiUing the Oil-Cup. — The oil-cup having been previously 
cooled, by placing it bottom downwards in water at a temperature 
not exceeding 50° F., is to -be rapidly wiped dry, placed on a level 
surface in a good light, and the oil to be tested is poured in very slowly, 
without splashing, until its surface is level with the point of the 
gauge which is fixed in the cup. The round-bulb thermometer 
is inserted into the lid of the cup, care being taken that the pro- 
jecting rim of the collar touches the edge of the socket ; the test- 
lamp, prepared as already described, is placed in position, and the 
cover is then put on to the cup and pressed down so that its edge 
rests on the rim of the cup. 

" (4) Application of the Test. — The water-bath, with its ther- 
mometer in position, is placed in some locality where it is not exposed 
to currents of air, and where the light is sufficiently subdued to admit 
of the size of the entire test-flame being compared with that of the 
bead on the cover. The cup is carefully lifted without shaking it, 
and placed in the bath, the test-lamp is lighted, and the clockwork 
wound up by turning the key. The thermometer in the oil-cup 
is now w^atched, and when the temperature has reached 56° F., the 
clockwork is set in motion by pressing the trigger. 

'* If no flash takes place, the clockwork is at once re-wound, and 
the trigger pressed at 57° F., and so on, at every degree of rise of 
temperature, until the flash occurs, or until a temperature of 95° F. 
has been reached. 

** If the flash takes phice at any UMuperature below 11"' F., the 
temperature at which it occurs is to be recorded. Two fresh portions 
of the sample are then to be successively tested in a similar manner, 
and the results recorded. If no greater difference than 2° F. exists 
between any two of the three recorded results, and if in no instance 
the flash has taken place within eight degrees of the temperature at 
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which the testing is commenced, each result is to be corrected for 
atmospheric pressure as hereafter described, and the average of the 
three corrected results is the flashing-point of the sample. In the 
. event of there being a greater difference than 2° F. between any two 
of the results, while in no instance has the flash t.aken place within 
eight degrees of the temperature at which the testing was commenced, 
the series of tests is to be rejected, and a fresh series of three similarly 
obtained, and so on, until a sufficiently concordant series is furnished, 
when the results are to be corrected, and the average taken in the 
manner already described. 

** If, however, a flash has occurred at or below 64° when the test 
is appUed in the manner above described, the next testing shall be 
commenced ten degrees lower than the temperature at which the flash 
had been previously obtained (that is to say, at 54° or thereunder), 
and this procedure shall be continued until the results of three con- 
secutive tests do not show a greater difference than two degrees and 
until a flash has not occurred in any of the three tests within eight 
degrees of the temperature at which the testing is commenced : 
Provided always that, if at the commencement of the series of tests 
a flash has occurred on the first appUcation of the test-flame at 66°, 
arid if a flash has also occurred on the first application of the flame in 
each of three successive tests in which, thereupon, the test-flame is 
first applied at 46° as above directed, the testing officer shall certify 
that the petroleuin has a flashing-point below 47°, and the sample 
shall be reported dangerous. 

** If a temperature of 76° F. has been reached without a fliash 
occurring, the appUcation of the test-flame is to be continued at every 
degree of rise of temperature until a temperature of 96° F. has been 
reached. If no flash has occurred up to this point, and if the petro- 
leum is declared to be imported subject to the provisions of the Act, 
the tests shall not be continued, and the testing officer shall certify that 
the petroleum has a flashing-point over 96° F. and is not dangerous. 
But, if the petroleum is oil ordinarily used for lubricating purposes, 
and is declared to have its flashing-point at or above 200°, or is oil 
to which a notification of the Local Government exempting it from 
the operation of the Act will be applicable in the event of the flashing- 
point being found to be at or above 120°, the test shall be continued 
as follows : — The oil-cup is to be removed from the water-bath, and 
the temperature of the water in the water-bath is to be reduced to 
96° F. by pouring cold water into the funnel (the hot water escaping 
by the overflow-pipe). The air-chamber is then to be filled to a depth 
of IJ inches with water at a temperature of about 96° F., the oil- 
cup is to be replaced in the water-bath and the spirit-lamp attached 
to the water-bath is to be lighted and placed underneath. The test- 
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flame is then to be again applied from 96® F., at every degree rise of 
temperature as indicated by the thermometer in the oil-cup until a 
flash takes place, or until a temperature of 200° F. or 120° F., as the 
case may be, has been reached. If during this operation the test- 
flame appears to diminish in size, the lamp is to be replenished in 
the manner prescribed at 2 without interrupting the test. 

" If a flash occurs at any temperature between 76° and 200° F., 
the temperature at which it occurs, subject to correction for atmo- 
spheric pressure, is the flashing-point of the sample. 

'^ In repeating a test a fresh sample of oil must always be used, 
the tested sample being thrown away, and the cup must be wiped dry 
from any adhering oil and cooled, as already described, before receiving 
the fresh sample. 

'' (5) Crdrrection for Atmospheric Pressure. — As the flashing-point 
of an oil is influenced by changes in atmospheric pressure to an 
average extent of 1*6° F. for every inch of the barometer, a correc- 
tion of the observed flashing-point may become necessary. The 
height of the barometer must therefore be determined at the time 
of making the test for the flashing-point. The true height of the 
barometer for the purpose of the test shall be considered to be the 
height of the column of mercury measured at 32° F., which is 
supported by the air pressure at the time of the experiment ; that 
is, the actual height of the barometer at the time^ of observation 
duly corrected for any error of the instrument and for its temperature 
if necessary. For the purpose of applying the correction to the 
fliashing-point of the oil obtained by the test, a table (see Table 
II.) is appended to this schedule giving the flashing-points of 
oils ranging from 66° to 80° F. under pressures ranging from 27 to 31 
inches of mercury. 

" The table is used in the following manner : — 

''Example. — An oil has given a flashing-point of 71°, the 
barometer being at 28-6 inches ; take the nearest number to 71° in 
the vertical column headed 28-6. This number is 70-8°. Substitute 
for this the number in the same horizontal line in the column headed 
30 (the normal height of the barometer). The substituted number, 
that is, the true flashing-point of the oil, is 73°.^ 

'' (6) Application of the Test to Viscous Fluids or Preparations, 
sncdi as Solutions of Indianibber in Mineral Naphtha, or Thick Paint 
made with that Blaterial. — About a teaspoonful of the substance 
to be tested is placed in the cup, and the cover fitted with a ther- 
mometer is put on. 

"The cup thus prepared for the test is then cooled down 

Digitize 
* This i^aragraph was added by Notification No. 928 (J), dated 28tli Juno 
1900. See GazeUe oj Itidia, 1900, Part I. p. 403. 



32 PETROLEUM REFINING. 

until the thermometer- indicates a temperature of 60° F. This 
may be accomplished either by placing the prepared cup in a re- 
frigerator, or by immersing it up to its projecting collar in water, 
which is maintained at a suflSciently low temperature until the result 
specified has been obtained. 

'' The prepared cup thus cooled is then transferred to the water- 
bath, the temperature of which has previously been raised to 70° F. 
(The scale of the thermometer in the water-bath should range from 
60° to 180° F.) 

** The test, is then appUed as described in section 4 of this part. 
If no flash has taken place when the temperature in the cup has 
reached 75° F., the test need not be continued. 

" The temperature at which the flash occurs is the observed 
flashing-point of the substance, and, subject to correction for atmo- 
spheric pressure as prescribed in the Act, is the true flashing-point. 

av. DIRECTIONS FOR DETERMINING THE FLASHING- 
POINT OF PETROLEUM WHICH IS NOT FLUID AT 
ORDINARY TEMPERATURES. 

*'(1) Nature of the Test Apparatus.— The instrument employed 
is the Abel-Pensky petroleum testing apparatus, fitted with an 
additional thermometer to indicate the temperature of the oil in 
close proximity to the walls of the cup. This thermometer has a 
cylindrical bulb, J inch* in length and yV ii^ch in diameter. It is 
scaled from 45° to 166° F., ten degrees on the scale occupying f inch. 
The thermometer is held vertically in a socket attached to the cover 
of the oil-cup in such a position that the bulb is ^ inch from the 
side of the cup. 

** (The thermometer can be removed and the orifice* which is 
provided for it closed by means of an indiarubber plug, if the appar- 
atus is required for testing petroleum in the ordinary way.) 

'' (2) Directions for Preparing the Sample for Testing-— About 
ten fluid ounces of the oil are placed in a pint-flask, the mouth of 
which is then closed with an indiarubber stopper and the sample 
is liquefied by placing the flask in a water-bath, the temperature 
of which is only raised sufficiently high to liquefy the oil. 

'' (3) Directions for Preparing and Using the Test Apparatus. — 
The water-bath and test-lamp are to be prepared in the manner 
prescribed in Part III. of this schedule. The oil-cup is to be filled 
with the liquefied oil, and the cover (into whieli both thermometers 
are to be previously inserted) placed on it, care being taken that 
the bulb of the additional thermometer is not brought into contact 
with the bracket-gauge fixed inside the cup. The oil-cup is then to 
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be placed in a refrigerator, or plunged up to the projecting collar in 
water maintained at sufficiently low temperature, until both thermo- 
meters indicate the temperature at which the testing of petroleum 
is direoted in Part III. of this schedule to be commenced. The 
oil-cup is then to be removed, wiped dry and placed in the water- 
bath, and the testing effected in the manner prescribed in Part III. 
of this schedule, the temperature indicated by the additional (vertical) 
thermometer alone being noted, and the average of three determina- 
tions, duly corrected for atmospheric pressure, being recorded as 
the flashing-point of the sample, provided that no greater difference 
than 4^ F. exists between any two of such results." 

**Use of the Abel Test in Other Coimtries.— The various countries 
where the Abel tester in its original and modified forms are in use, 
and the respective minimum flashing-points prescribed r are given 
under Legislation. 

**The Abel-Pensky Instroment. — In 1880 the subject of petroleum- 
testing was investigated in Germany on behalf of the Government, 
and the Abel instrument was selected as the best, but, as exception 
was taken to the personal error considered to be liable to be intro- 
duced by the method of applying the test-flame, the modification 
devised by Pensky, of Berlin, was adopted. The modification 
consists in effecting the movement of the slide and application of 
the test-flame by a clockwork arrangement, which ensures uniformity. 
A section of the instrument — ^which in all other respects is practically 
identical with the ordinary Abel apparatus^-and the details of the 
clockwork mechanism are shown in figs. 15 and 16, which also give 
the dimensions in millimetres. 

" The slide, S, pivoted on the centre z, is set in motion by the arm d, 
moving on a central axis. This arm carries on its under side tw# 
pins, ei, 6j. When the slide is in its normal position — i.e. closing 
the openings, Oi, o^, 03, — one of the pins, e^, rests against the steel 
plate /, on the right-hand side of the slide, and the other, 63, is held 
by the catch g. On the axis of the arm d is fastened the spring- 
case u containing a spiral spring. 

" To wind up the clockwork, the knob 6 is turned half round, 
further winding being prevented by a stop. To move the slide, 
the trigger k is pushed towards the spring A, the catch g being thus 
drawn back, and the pin 62 released. The spiral spring unwinds and 
presses the other pin, ei, against the slide S, moving this slide aside 
to the left, and uncovering the apertures. As soon as the pin ej 
is carried by the revolution of the arm d past the steel plate /, the 
slide is forced back to its former position by the spring r, and the pin 
61 is stopped by the catch g, which returns it to its original place 
as the trigger k is released. These movements are repeated every 
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time the test is applied. The uncoiling of the spiral spring and 
movement of the slide are cegulated by the escapement m n p. 
The three holes in the lid of the oil-cup, and the two holes in the slide 
(the lateral movement of the slide uncovering and cohering the 
third hole in the lid) are of the same dimensions as those in the Abel 




J^'io. 15. — Abel-Pemiky teuting iiutrumeut. 

instrument, but not quite the same shape, on account of the circular 
motion of the slide. The lamp is tipped by a nose piece n, and on its 
return to the perpendicular, is prevented from swinging backwards 
by a stop v. 

^^Directioiis for the Use of the Instrument — The following 
is the method of applying the Abel-Pensky test prescribed in 
Germany * : — 

* Vorschriften belreffend den Abdschen Petroleumprober utid aeitie Al^wendung, 
Berlin, 1883. 
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"The testing should be carried out in an apartment of medium 
temperature and free from draughts. The petroleum samples 
should be in closed vessels and have been long enough in the room 




,Fio. IG. — Abcl-Pcnsky testing ioHtrumcnt. 

to have acquired the same temperature, otherwise the tests will not 
be satisfactory. 

" The height of the barometer must be observed before com- 
mencing operations, and the temperature at which the test is 
to be first applied varies with the pressure indicated, according 
to the following table : — 

Digitized by VjOOQIC 
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'TABLE III. — Initial Test-Point for Various Barometric 

Pressures. 
Height of Barometer. 
685 to 695 millimetres 
695 „ 705 



705 „ 715 
715 ,, 725 
725 „ 735 
735 „ 745 

745 „ 755 
755 „ 765 

765 „ 775 

775 „ 785 



First Test applied at 

+ 14° C. 
+ 14-5° C. 

+ 15° C. 



+ 15-5° C. 
+ 16° C 
+ 16-5° C. 

+ 17° C. 
+ 17° C. 
+ 17-5° C. 



If the barometer varies from the normal pressure of 760 mm., by more 
than 2^ mm. either way, the actual flashing-point observed is cor- 
rected in accordance with Table* IV. The table being arranged 
for intervals of 5 mm., intermediate pressures are counted as or 5, 
according to the figure which they most nearly approach — ^viz. 
742 counts as 740, 743 as 745, and so on. The instrument must be 
set level on the testing-table, with the aid of a spirit-level or plumb- 
line, before it is filled, and it should be at such a height that the red 
mark on the water-bath thermometer is on a level with the eye of 
the operator. The bath is next filled with water at +50° to 52° C. 
until a portion runs out through the overflow-pipe, to which an 
indiarubber tube should be attached to cpnvey the surplus water 
away without splashing the apparatus or table. If cold water is 
used for filling the bath, it must be warmed by the heating lamp 
before putting in the oU-cup, care being taken that the base ring 
does not get overheated. The test-lamp is prepared for use by 
being packed with loose cotton-wool, which is then saturated with 
petroleum, any surplus being poured out. If this is not attended 
to, the tipping of the lamp at the moment of applying the test might 
cause drops of oil to fall on to the lid of the tester and vitiate the 
results. The wick must also be cleansed from any adherent in- 
crustation or char. The oil-cup, with its cover and thermometer, 
are to be thoroughly clean and dry, and all traces of oil from preced- 
ing tests are to be removed by drying and absorption. Finally, the 
petroleum to be tested, if not at least two degrees cooler than the 
lowest of the temperatures recorded in the foregoing table, must be 
cooled down to that point, together with the oil-cup, the latter being 
dipped into cold water. To obtain very exact results, it is advisable 
bo use water cooled to +11° C. for this purpose, and to keep the oil- 
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cup in it long enough for proper cooling. Before inserting the oil-cup, 
the water-bath is heated up to 54° to 56** C, the temperature indicated 
by the red mark on the thermometer-scale. Meanwhile, the oil is 
poured into the oil-cup by means of the pipette, until the extreme 
point of the indicator just projects above the surface of the liquid. 
It is important that this limit should not be exceeded, but if this 
should happen, the cup must be emptied, dried carefully, and refilled. 
Any bubbles forming on the surface of the oil must be dissipated 
by pricking with the warm charred point of a burned-out match. 
The table on which the cup stands during the operation of filling 
should be perfectly horizontal, and quite near to the water-bath, 
to minimise the risk of tilting or shaking the cup. The oil is poured 
into the centre of the cup, and not against the sides, and to prevent 
bubbles, the nozzle of the pipette should be kept below the surface 
of the liquid. The utmost exactness is obtained by slowly adding 
the oil by a pipette until the point of the indicator is just about 
to disappear under the surface of the liquid, and then removing the 
excess by the insertion of a small pipette. Bubbles formed by 
emptying the cup may be removed on refilling, by a warm metallic 
point or a charred match. The lid of the cup is put on directly after 
pouring in the oil, the thermometer being previously inserted in its 
socket, and pressed down tightly, avoiding contact between the 
ebonite plate under the clockwork and the knobs, K, on the bath, as 
this would prevent the lid from fitting properly. The insertion of the 
oil-cup into the bath must be done without tilting or shaking, and to 
avoid the risk of this, the cup, previously cooled by ice and water to 
8° C. (to prevent the oil getting warm while filling), may be put into 
position before filling. Should the water-bath be at a higher tem- 
perature than 54° to 55° C, it must be Cooled by the addition of cold 
water, and when that degree is reached, the lamp is extinguished. 

** When the oil approaches the temperature at which the first test 
is to be applied, in accordance with the foregoing table, the test- 
lamp is lighted and the flame adjusted until, when viewed from the 
front, it is of the same width as the white bead on the lid. This is 
important, as the size of the flame has an influence on the flashing- 
temperature. The clockwork is then wound up by turning the milled 
head as far as it will go in the direction indicated by the arrow. On 
releasing the catch by pressing on the trigger, the slide slowly and 
regularly moves aside, and at the end of two seconds has returned 
to its original position. During the movement of the slide, the 
behaviour of the test-flame as it approaches the surface of the oil 
must be carefully observed, particular attention being directed to 
sheltering the apparatus from all draughts and from the breath of 
the operator. This is facilitated by the provision of a glass plate 
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fixed to the draw-out side of the case containing the apparatus. 
The test is to be repeated at every |° rise of the thermometer until 
a flash is obtained. Before the absolute flashing-point is reached, 
the size of the test-flame will be observed to increase by a kind of 
halo when dipped towards the oil, but the true flash is a bluish 
lightningJike flame extending over the whole free surface of the oil. 
The temperature indicated by the thermometer is subject to correc- 
tion, both as regards barometric pressure and error, if any, of the 
thermometer itself, according to the variation ascertained on standard- 
ising the instrument. The test is repeated with a fresh portion of 
the same oil, after cooling the oil-cup and lid, drying and freeing 
them, as well as the thermometer, from all adherent drops of oil, 
and reheating the bath to 65° C. 

" If the result of the second test agrees with the first within J°, the 
average is taken as the apparent flashing -point. If, however, the 
difference is 1** or more, a third test is necessary ; and provided the 
results of the three do not differ more than 1|°, the average is taken. 
In case of a greater divergence, a fresh set of tests must be made. In 
the case of oils flashing at the first application of the test-flame the 
actual flashing-^oint may be higher than is indicated by the ther- 
mometer, the accumulation of vapour in the oil-cup causing the flash 
to occur sooner than it would under ordinary circumstances. If it 
is desired to test such oils accurately, the operation is begun at a 
lower temperature than usual, and repeated at lower degrees until 
no flash is produced on first opening the slide. 

" The apparent flashing-points must be corrected for pressure, 
according to Table IV., by finding the observed flashing-point in 
the column headed by the existing height of the barometer, and pro- 
ceeding in the same row to the column headed 760, which will show 
the actual flashing -point at normal pressure. Fractions between the 
figures given in the table are to be counted as the figure to which 
they most nearly approach. Any error recorded by the standardiser 
of the apparatus must be corrected before applying the correction 
in the table. 

'' The Standardising of the Abel-Pensky Instrument— By an order 
of the Imperial Chancellor, dated 21st July 1882, the Kaiserliche 
Normal-Aichungs-Kommission was empowered to standardise and 
stamp instruments for testing petroleum, particular attention being 
devoted to the following points : — 

*' (a) The dimensions of the apparatus. 

'* (6) The accurate timing of the slide movement. 

'* (c) The accuracy of the thermometer. 

'* {d) The correctness of the flashing-points indicated ^y the 
apparatus. 
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** (e) The accuracy of the metallic barometer supplied with the 
instrument. 

" The examination of the thermometers should not take place 
until they have been delivered. 

*'In verifying the dimensions of the apparatus, the following 
variations from the exact standard are allowed in : — 

MiUimetreB. 
" The thickness of the metal plates, .... 0-2 
'' The diameter of the lamp-spout, .0-2 

" The distance of the point of the filling-indicator from 

the upper edge of the cup, 0-6 

'* The distance from the lower corner of the inside of 
the lamp-spout to the upper face of the cup-lid 
when the lamp is fully tipped, .0-6 
" The thickness of the ebonite ring, .... 0-5 
*' The inside diameter and height of the oil-cup ; the 
width of the brass ring : its distance from the upper 
edge of the cup ; the distance of the axis of the 
slide from the centre of the cup-lid and the centre 
of thethree apertures ; the diameter of the bead ; 
and the dimensions of the tube for the insertion 
of the thermometer, <i, . . .1-0 
" The distance of the centre of the bulb of the ther- 
mometer, <i, from the end of the sheathing tube 
and from the underside of the cup-lid, . . .1-0 
*' The dimensions of the water-bath, and of the outer 
cylinder ; the width of the ebonite ring on the bath ; 
and the distance of the lowest mark on the scale ^ 
of either thermometer from the enlargement on 
the tube, 2-0 

'* The variation of time allowed for the slide movement is 0-2 second 
over or under the prescribed standard. The thermometer, ti, may 
not vary from the normal instrument more than 0-2° C. when tested 
in four places on the scale, and the thermometer, t^, not more than 
0-5^ C. when tested in two places. Furthermore, successive portions 
of the same sample of oil, consecutively examined, should not show 
a greater divergence of flashing-point than 0-75° C, and the average 
of five or seven such tests should not difiFer from the average of the 
same recorded by the standard by more than 0-6° C, an oil approxi- 
mating to the standard flashing-point being used for the experiment. 
The metallic barometer belonging to the apparatus should not di£fer 
more than 2 mm. from the standard at the ordinary room temperature. 
It must be examined with a view to ascertaining the influence of 
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sudden alterations^of pressure or continued shaking of the instrument 
on its accuracy between the limits of 680 and 790 mm. The instru- 
ments which satisfy the tests imposed are stamped by the Normal- 
Aichungs-Kommission on all the removable portions, and the amount 
of variation or error of flashing-point to be allowed for is indicated. 
The maker's name, the number of the instrument, and the year of 
examination are included in the stamping, and all the particulars are 
inscribed on a certificate issued by the standardiser, together with 
the following measurements :— ^ 

'* (a) Distance of the point of the filling-indicator from the upper 
edge of the oil-cup. 

" (6) Distance of the lowest inside point of the lamp-spout from 
the under surface of the cup-lid when the lamp is fully tilted. 

"(c) Distance of. the central point of the oil-thermometer bulb 
from the under surface of the cup-lid. 

" To guard against any alteration on these points subsequent to 
standardising, the Normal- Aichungs-Kommission send out with each 
apparatus examined, a stamped gauge consisting of a rectangular 
steel plate, on one side of which is a projection for controlling the 
measurement, a ; on the other a second projection bounded by two 
flutings, to measure, 6, and furnished with a projecting stud on one 
of its flat surfaces for gauging, c. To examine a, the gauge is apphed 
to the edge of the oil-cup so that the projection hangs down inside 
and the mark on it is touched by the point of the filling-ma ik. For 
the second verification, 6, the clockwork is set in motion, and the 
apertures in the lid are wedged open so that the mouth of the lamp 
is at its lowest point. The gauge is then applied under the lid, and 
the lowe^ inside corner of the spout should coiiicide with the end of 
the smaller projection. For examining c, the side of the gauge oppo- 
site to the smaller projection used for b is apphed to the under side 
of the lid, when the stud should exactly touch the middle of the bulb 
of the thermometer. The length of the lamp-spout can also be veri- 
fied, a mark cut at right angles to the plain side of the gauge showing 
the exact size. The edge of the spout-mouth should coincide with 
the mark ; and should either the top or bottom corner fail to do so, 
the apparatus is out of adjustment. 

" In 1907 an International Commission for the Unification of the 
Methods of Testing Petroleum Products ^ was appointed, with Dr 
Leo Ubbelohde, of the Technical High School, Karlsruhe, Baden, as 
General Secretary. It had long been known that the German Abel- 
Peiwky instrument gave results at least 3° F. lower than those fur- 
nished by the English Abel apparatus, and the Commission commenced 
its labours by undertaking an examination and comparison of various 
* Now called the International Petroleum Commission. 



42 PETROLEUM REFINING. 

methods of determining the flash-point of petroleum. At the invi- 
tation of the English section of the Commission, the National Physical 
Laboratory undertook to assist in the investigation, and the results 
reached in the first stage of this work have been given in a report by 
Dr J. A. Harker, F.R.S., senior assistant in the Physics Department, 
and Mr W. F. Higgins, Junior Assistant in the Physics Department. 
The report, which was issued during 1911, gives full details of the 
experimental investigation carried out, and is divided under the 
following heads :— »-0n the apparatus and methods used in petroleum 
testing ; Thermometry ; Accuracy attainable in flash-point determi- 
nations ; The general theory of flash-point determination ; Tempera- 
ture distribution ; The heating effect of the test-flame ; Comparisons 
• of the flash-points obtained on different types of apparatus ; Summary 
^and general results of the investigation ; Appendix, Section 1, flash- 
points of mixtures of oils ; Appendix, Section 2, notes to the tables 
of dimensions ; Appendix, Section 3, the * lag ' of the different 
types of thermometers employed. The instruments employed were 
the English Abel apparatus, the British Colonial type of Abel-Pensky 
apparatus, and the German Abel-Pensky apparatus. The average 
values of the differences between the flash-point as obtained in the 
Abel apparatus and on the other types were found to be : — 

'' Colonial type of Abel-Pensky, 11° F. higher. 
'' German type of Abel-Pensky, 3-7° F. higher. 

'' The details of the experiments made afford an explanation of the 
causes of these differences, as is indicated in the following summary : — 

** The main result of the investigation thus far has been to asceitain 
what is almost certainly the true cause of the differences in the flash- 
points given by specimens of the same type of apparatus and by those 
of different types. The results may be summarised as follows : — 

'* (1) The influence of variations in the method of procedure in 
making a test has been studied ; the points investigated include the 
effect of : 

** (a) The frequency of application of the test-flame ; 

** (6) Variations in the time of opening of the sUde ; 

'* (c) Variations in the water-bath temperature ; 

** (d) Variations in the depth of immersion of the thermometer. 

*' (2) The temperature distribution in the oil-cup was investigated, 
and it was found that large systematic differences of temperature 
between different parts of the apparatus were always present ; also 
that the temperature distribution was not the same in the different 
types of apparatus. This has been investigated in full for the Abel 
and Colonial type of Abel-Pensky apparatus ; and also to some ex- 
tent in the case of the German Abel-Pensky. The differences found 
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between the three forms of apparatus are satisfactorily and com- 
pletely explained by the results of these experiments on temperature 
distribution. 

" (3) It was found that the heat from the test-flame was a factor 
of considerable importance in the carrying out of a flash-point test, 
and that, owing to the diflSculty of always setting the flame to the 
same size, differences of J^^° F. are to be expected even in the most 
careful work, more especially in the apparatus provided with the 
oil test-flame. 

" (4) The difference between the flash-points obtained with the 
different types of tester has been investigated and has been found 
to be approximately constant at all temperatures. It might be noted 
here that a difference has been found to exist between the results. 
obtained with the two forms of Abel apparatus, fitted with oil and . 
gas test-flames respectively ; the latter reads lower by about |° F. 
Further systematic comparisons between all the different types of 
apparatus are contemplated. 

" (5) It must be recognised that the flash-point of a liquid, as ordi- 
narily determined, is an empirical constai\t, which is largely a function 
of the particular apparatus used. It would seem desirable, therefore, 
to establish, if possible, a more definite connection between this pro- 
perty and the real physical properties of the substance. Expeii- 
ments are now in progress to study the relation subsisting betfween 
' flash-point ' and vapour pressure, both with oils and other sub- 
stances, and it is hoped that out of these experiments it may be pos- 
sible to estabhsh conditions under which certain definite liquids may 
be used for the standardisation of different forms of flash-point 
apparatus." 

The Gray Tester. — ^The development of this instrument, now so 
largely used by petroleum chemists, is explained by the following 
extract from (a) the report of a meeting of Scottish Mineral Oil Works 
Chemists held in connection with the Society of Chemical Industrj', 
and recorded in the Journal of that- Society for 1891, and also by 
the paper (b) read on the above occasion by Mr John Gray, F.I.C., 
entitled " An Apparatus for Determining the Flash-Points of Heavj^ 
Mineral Oils." 

As already indicated on p. 6, the apparatus is illustrated by 
figs. 11 and 12. 

(a) ''FLASHINO-POINTS OF HEAVY MINEBAL OILS. 

*' Determination of the flashing-point of heavy mineral oils. 
" The use of the covered oil-cup of the * Abel ' or Government 
flash-point apparatus for burning oils has graduaUy become general 
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for the purpose of determining the flash-point of heavy or lubricating 
oils as well. Its use for this purpose is, however, attended with one 
rather serious drawback, which is, that when used for high tempera- 
tures there is no arrangement for regulating the rate at which the oil 
is heated. When the Abel's cup is used for heavy oils, it is usually 
heated by means of a small naked flame or on a sand-bath, and with 
a view of making the rate of heating as regular and uniform as possible, 
the committee specified that not less than 15 minutes should be 
taken in raising the temperature of the oil to 300° F. ; when this is 
done fairly concordant results are obtainable. 

** When the committee first met, Mr Calderwood brought under 
their notice a German apparatus, designed by Pensky and Marten, 
which he reported as yielding most satisfactory results, both in Mr 
Redwood's hands and his own. A short description of this apparatus 
is to be found in this Journal, viii. 734, and the principal feature which 
distinguishes it from the Abel arrangement is, that it is provided with 
a stirrer, which ensures not only a thorough agitation of the oil, but 
also of the air or vapour above the oil. 

" Experiments showed that the discrepancies which frequently 
occurred with the old method arose from local overheating of the oil 
as much as anything else, and that when a stirring arrangement is 
attached to the oil-cup to prevent this, the rate of heating within wide 
limits was practically without effect upon the result. In these cir- 
cumstances it was, therefore, specified that in the event of a dispute 
arising as to the correct flashing-point of a heavy mineral oil, it was 
to be deoided by means of the Pensky-Marten apparatus. ^ 

(b) ««AN APPARATUS FOB DETERMINING THE FLASH- 
POINTS OF HEAVY IQNERAL OILS.' 

" The necessity for a speedy and accurate method of determining 
the flash-points of heavy mineral oils is fully recognised by those 
who are called upon to make numerous tests, and perhaps no one is 
more alive to the uncertainty of the methods which are at present 
employed than the chemists of the Scotch mineral oil works. 

'* It is hardly necessary for me to refer to the old method of taking 
flash-points, known as the ' open test,' which is well known to give 
discordant results, even in the hands of the same operator, according 
to variable and almost uncontrollable conditions under which the 
test may be carried out. It is still recommended as * sufficiently 
accurate for many practical purposes.' 

'* The above method, though still employed in some works labora- 

* The apparatus is made by, and may be had from, Messrs Baird & Tatlock, 
Glasgow. 
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tories, is graduaUy being superseded by the Abel's cup test, in which 
the oil-cup and cover of the well-known petroleum tester are employed. 
As already mentioned by Mr Thompson, this method has been adopted 
by the committee of oil works chemists, provided the time in heating 
to 300° F. be not less than 16 minutes. I have found that the flash- 
point of an ordinary Scotch 886° oil will vary as much as 6° F. accord- 
ing as the time of heating varies between 16 and 90 minutes, when 
the test is carried out with the ordinary Abel's cup. It would there- 
fore be necessary to state the maximum as well as the minimum 
tim6 of heating, in order to make the results indisputable. With oils 
having such a wide range of flash-points as those we are dealing with, 
the fixing of an absolute time is a practical impossibility. 

" The foregoing method being still unsatisfactory, I was led to 
design the apparatus I now bring before the Society, with the view 
of rendering the determination of those flash-points more rapid and 
accurate. It is an adaptation of the Pensky-Marten slide and 
stirrer to the Abel's cup. Those who now employ the method recom- 
mended by the Oil Association chemists can easily have a stirring 
arrangement, such as I now show you, fitted to the cup. In working 
with the Pensky-Marten apparatus, I found the results under varied 
conditions to be excellent, and was struck with the idea that it could 
be simplified, and made more suitable for everyday work in the 
technical laboratory. 

" The stirrers, consisting of two sets of vanes, one in the oil and the 
other in the vapour space, are attached to a vertical shaft passing 
through the cover and terminating at the top in a small bevelled 
wheel, the bevel of which is milled. A horizontal shaft (carried on 
two supports) terminates at one end with a bevelled wheel gearing 
with the one on the stirrer shaft, and at the other end with a disc 
carrying a small handle with which to rotate the shaft. This shaft 
also carries a collar with two pins projecting about J inch at dia- 
metrically opposite points. By sliding the shaft slightly to the right, 
the bevel wheels are put out of gear, and the pins projecting from 
the collar are drawn into position for actuating the testing arrange- 
ment. This consists of a sliding cover on the top of the lid proper, 
so arranged that when the former is moved it depresses the pip light 
to the proper point, and brings the orifices opposite those on the fixed 
lid. There are three orifices, one, at which the test light is applied, 
the other two, situated one at either side of it, being for the admission 
of air. It will thus be readily seen that the change from stirring to 
testing and vice versa can be instantly performed. 

" The results got by this apparatus are identical with those got by 
the Pensky-Marten. They are not affected by the source of heat, "^ 
a naked flame giving the same results as the sand-bath. It is im- 
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material what the rate of heating is, provided it is not too rapid to 
prevent a correct reading of the thermometer. I prefer to reduce 
'the rate of heating when nearing the point at which the oil is expected 
to flash. The stirrers do not require to be worked continuously 
but merely at intervals. I find it advisable to stir more frequently 
when the rate of heating is fast." 

4. Setting-Poini — ^The determination of the setting-point or 
melting-point of crude oil is necessary not only as an indication of the 
amount of solid paraffin it contains but as a guide to the condition it ifi 
likely to assume during transport, if exposed to low temperatures. 
Some crude oils are so rich in solid paraffin that they solidify at 
temperatures between 70° F. and 80° F. Pumping is therefore 
impossible if the oil is allowed to fall below that point. The most 
suitable test for this purpose is that known as the flow test, carried out 
in the following manner : — 

About 1^ inches of the oil to be tested are poured into a fths test- 
tube . A thermometer is inserted into the oil, and the whole immersed 
in a feezing mixture until the oil is quite solid, ^e tube is then 
removed and held in a horizontal position, without stirring. As soon 
as the frozen oil melts from the bulb of the thermometer the tem- 
perature is noted as flow-point. 

For determining the setting-point of fractions obtained from a 
distillation of the crude oil or of finished intermediate or heavy oils, 
the test is that set forth by Sir Boverton Redwood : — ^ 

" Into a test-tube having a diameter of about 1 J inches, the oil 
to be tested is added to the depth of about 2 inches ; the tube is then 
immersed in a freezing mixture, the oil being stirred with a ther- 
mometer till it is cooled down considerably below the temperature 
at which the solid paraffin first appears. The tube is then removed 
from the freezing mixture, the oil constantly stirred with the ther- 
mometer, and the point carefully watched at which the last trace 
of paraffin disappears. This operation is repeated with the same 
sample of oil until two experiments give concordant results, the 
temperature so found being the setting-point." 

The setting-point of the heavier fractions from the crude oil, or 
the melting-point of crude paraffin scale or finished wax, may be 
approximated by simply noting the temperature at which the 
melted oil solidifies on the bulb of a thermometer. For the exact 
determination of melting-point of wax the following method* is 
generally employed in the British oil trade : — " This is determined 
by what is known as the ' English ' test — i.e. a test-tube about 
1 inch in diameter is filled to the depth of about 2 inches with the 

iigitized by v 

» Redwood's Treatise on Petroleum, 3rd Ed., vol. ii. p. 312.-^ 
« Log. cit,, p. 308. 
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melted paraffin, a small thermometer is inserted, and the whole 
steadily stirred, while the test-tube and its contents are allowed to 
cool slowly. The temperature at which the thermometer remains 
stationary for a short time is the melting- (setting-) point." 

The reason for the temperature remaining stationary at the point 
of solidification is the latent heat of fusion being given out by the 
wax as it changes from the liquid to the solid state. 



5. ESTIMATION OF BENZINE (PETROL IN VARIOUS GRADES), 
KEROSENE, AND HEAVY OIL FRACTIONS. 

This is efiEected by means of fractional distillation, and the standard 
method is that of Professor Engler,^ by which the crude oil is divided 
into three fractions. 

(1) That distilling up to 160° C, representing the amount of 
light spirit (petrol and benzine) contained in it. 

(2) ^That distilling between 160° C. and 285° or 300° C, repre- 
senting its yield of illuminating oils. 

(3) Residue boiUng above 285° or 300° C, representing inter- 
mediate and heavy oils, solid paraffins, and residue. 

In the above reference Professor Engler's system of distillation 
is described as follows : — " For the fractional distillation of petroleum 
Engler employs a globular flask (fig. 17) 6^ cm. in diameter, with 
a cylindrical neck 1-6 cm. in 
internal diameter and 16cm. F 
in length, from the side of 
which a vapour-tube^ 10 cm. 
in length extends at an angle 
of 75° downwards to the 
condenser. The junction of 
the vapour-tube with the 
neck of the flask should be 
9 cm. above the surface of 
the oil when the flask con- 
tains its charge of 100 c.c. 
of oil. The observance of 
the prescribed dimensions is 
considered essential to the 
attainment of uniformity of 
results. A thermometer is 




Flo. 17. — Engler di«tillation flask. 



fixed in the cork inserted in the mouth of the flask so that the top of 
the bulb is on a level with the vapo*-tube. 100 c.c. of the oil is intro- 
duced into the flask by means of a pipette, and heat is applied by 
* Redwood's TrecUise on Petroleum, 3rd Ed., vol. ii. p. 204. 



48 PETROLEITM BEFIKINO. 

means of a BunBen burner. At first wire gauze is interposed between 
the burner and the flask, but afterwards the naked flame is employed, 
the heat being so regulated that from 2 to 2^ c.c. of distillate passes 
over per minute. In this way fractions difiEering from each other in 
boiling-point by 50°, 26°, or 20° C. can be obtained. As soon as the 
requisite temperature (150° C. for the first fraction) is attained, the 
lamp is withdrawn until the temperature has fallen at least 20°, 
when the oil is reheated to the boiling-point and again cooled, this 
process being repeated until no more distillate is obtained. The oil is 
then heated up to the boiling-point, and the coohng and reheating 
process repeated, and so on with the other fractions. These pre- 
cautions must be observed in order to produce trustworthy results, 
which (it is claimed) can be obtained with not more than a varia- 
tion of 1 per cent, by this method, even in the hands of different 
experimenters. 

'' In a personal communication addressed to the author with 
reference to this process, Dr Engler says : — * We estimate the pro- 
portion of burning oil from the amount of the fractions between 150° 
and 300° C. in the case of oils consisting of hydrocarbons of the 
methane series (Cnil^n+i), such as those from Pennsylvania, Galicia, 
Elsass, etc., or from the proportion of the fractions between 150° 
and 285° where the hydrocarbons belong to the naphthene series, as 
is the case with the Baku, Java, and (partially) the Burmese oils. 
As in practice some of the fractions below and exceeding the fore- 
going limits are included as burning oU, the proportion obtained on 
a manufacturing scale is greater than that yielded by a test-sample, 
but these limits give the nearest indication of the proportion of 
burning oil. A universal standard cannot, however, be established, 
because in some oils, and notably those from Baku, the fraction 
between 285° and 300° is so heavy as to prejudicially affect its capillary 
properties with regard to the lamp-wick. On the other hand, the same 
fraction in the American oils may be used for burning without 
seriously affecting the burning quality. We find inferior American 
oils contain as much as 15 per cent, by volume of fractions boiling 
below 150°, and 25 per cent, (volume) boiling over 300°, so these 
should be considered the extreme limits. 

" * If it is only a question of determining the amount of spirit, 
burning oil, etc., identical apparatus and method of working are, in 
my opinion, of greater importance than the complete separation of 
the single fractions. My apparatus, now generally used in Germany, 
was designed with this object, and I discarded a dephlegmator as 
giving less regular results than a simple instrument, in the hands 
of different experimenters. By carefully following the directions, 
the margin of error is only about J to | per cent. At present we 
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fractionate in stages of 25^ ; for instance, the benzine fraction boiling 
at, say, 86°, would be included in the fraction boiling at 100°, and 
the subsequent fractions are taken at every 25° (100° to 126°, 126° 
to 150°, 160° to 175°, .... 275° to 300°. By adding together the 
fractions up to 150°, the quantity of light spirit is ascertained ; the 
burning oil comprising those between 150° and 300°, and so on. The 
former practice of taking fractions at every 20° is discontinued. 
However, in estimating the actual component parts of an oil, smaller 
fractions are necessary. In the burning oil, the greater the proportion 
of the first fraction above 150° the better, the converse being true in 
the case of the fractions above 250°.' " 



6. ESTDIATION OF SULPHUR AND GALOBIHG VALUE. 

For the determination of the latter a calorimeter is required. 
For the former, the bomb of that instrument may be used for all 
oils, but for the lower boiling fractions, from intermediate oil to petrols, 
the lamp method has been found accurate and convenient. The 
directions given hereafter (page 52) for using the Mahler bomb ate 
taken from The Laboratory Book of Mineral Oil Testing,^ the diagram 
and reference letters being modified to suit the design of instrument 
illustrated. 

The modification of thie lamp method for the estimation of sulphur 
is described by Drs A. E. Dunstan and F. Thole as follows : — 

The Estimation of Sulphur in Motor Spirit and Kerosene.— The 
methods available for the estimation of sulphur in oils are two in 
number. Methods have been suggested based on oxidation of the 
sulphur compounds by nitric acid, but they are now generally recog- 
nised as unreliable. 

(1) The bomb calorimeter method, in which a definite amount of 
oil is burned almost instantaneously in a strong steel vessel filled 
with compressed oxygen, the sulphuric acid produced being weighed 
in the form of barium sulphate. 

(2) The lamp method, which, under a variety of forms, consists 
in burning a known amount of oil in a small lamp and aspirating the 
products of combustion through an alkaline-absorbing medium in 
order to retain the oxides of sulphur produced. These are ulti- 
mately converted into sulphuric acid and estimated volumetrically or 
gra vime trically . 

Each method has decided advantages and disadvantages. 

The bomb method is applicable to all oils, and is on the whole 
very accurate, though as the amount of oil usually burned rarely > 
exceeds one gramme, the amount of barium sulphate obtained from 
* The Laboratory Book ofMitieml Oil Testinj, by Ja«. A. Hicka (C. Giiffin & Co., Ltd.). 
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an oil of very low sulphur content is sufficiently small to be influenced 
to a comparatively high degree by experimental errors. The apparatus 
is, however, expensive initially ; it requires a supply of compressed 
oxygen, and manipulative difficulties are considerable. 

The lamp method is limited to distillates such as motor spirit, 
benzol, kerosene, and gas oil, being useless when applied to asphaltic 
oils such as most crude petroleums and shale oils. The apparatus 
is, however, simple in construction and in manipulation, while the 
accuracy of the method is at least equal to that afforded by the bomb 
method. Moreover, with oils of very low sulphur content a consider- 
able quantity of oil may be burned and the influence of experimental 
errors correspondingly reduced. 

It will be obvious that the products of combustion in the lamp 
method contain oxides of sulphur in a very high degree of dilution, 
and the accuracy of the method will therefore depend primarily on 
the efficiency of the absorbing apparatus employed. 

In most forms of the lamp apparatus this has consisted of a 
column of moistened glass marbles (Gas Referees' apparatus) or 
glass beads, or of a series of ordinary gas-washing bottles. The 
efficiency of the first type is very doubtful, while the other systems 
are open to several objections. We have therefore devised a form 
of absorber, which is simprle in construction and highly efficient 
in action (fig. 18). 

The gases are broken up by impinging on a series of short lengths 
of glass tubing, and subjected to a very thorough scrubbing action. 
At the same time the apparatus opposes much less resistance and 
can therefore deal with a more rapid current of gas than a bead-filled 
washer of equal size. 

Method of Procedure.— A suitable quantity of the oil (usually 
10 c.c, but less if a considerable proportion of sulphur is present) is 
measured or weighed into the lamp, which consists of a 1-oz. bottle 
fitted with a cork carrying a wick-holder of silica tube IJ inches by 
J inch ; the wick is ordinary loose cotton. If the oil is measured, 
its specific gravity should be known in order to express the result 
as percentage by weight. The oil is dissolved in two to three times 
its volume of absolute alcohol ; if alcohol does not dissolve the oil 
readily, a little amyl acetate may be added. 

In the flask, F, which stands in a beaker of water and serves 
principally as a cooler for the hot gases, is placed about 3 c.c. of 
sodium hypobromite. This solution is made by dissolving 10 gms. 
of sodium carbonate and 4 c.c. of bromine (washed with water) in 
200 c.c. of cold distilled water. ^ i 

In the washers, W, is placed a little water t&ISfetoM^fiiS 'depth), 
and ^ gm. of soUd sodium peroxide. 
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The products of combustion are drawn through the apparatus 
by a water pump of fairly large capacity or, more conveniently, by 
a Lennox blower, the speed of which should be controlled by a lamp 
or wire rheostat. 

The flame of the lamp should be smokeless ; if smoke is produced, 
the air-current should be increased or the size of the flame reduced 
by lowering the wick. When all the oil has been burned the lamp 
is rinsed by burning three successive 2 c.c. amounts of alcohol. The 
burning usually takes 2| to 3 hours. 




Fia. 18. — ^Modified lamp-tost apparatus for sulphur. 



The contents of the absorption vessels are then transferred to a 
beaker, acidified with hydrochloric acid which has been freed from 
sulphates by adding a little barium nitrate ; barium nitrate is added, 
and the liquid boiled and then allowed to stand for not less than 
15 hours. The barium sulphate is then filtered off, washed, and 
ignited. The ignited product is treated with a drop of dilute sulphuric 
acid, reignited, and finally weighed. It has been found that even the 
purest obtainable reagents contain traces of sulphates, and it is there- 
fore necessary to carry out a blank determination whenever a fresh 
stock of reagent is used. If a reasonable stock of reagents is made 
up, it should last for several months. The variation in the sulphur 
content of the laboratory aii- is, as a rule, negligible, but if any con- 
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siderable variation is suspected, a parallel blank experiment should 
be made. 

TABLE V. — Comparative Tests of the Bomb 
AND Lamp Methods. 



Material. 



Refined petrol 
Kerosene, Sample A 

Kerosene, Sample B 



Mexican gas oil 



Shale gas oil 

Alcoholic solution of ethyl disulphide 
containing -261 per cent, sulphur. 
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** Estimation of Sulphur. — After numerous experiments carried 
out under the instructions of Sir Boverton Redwood, with verj- 
varied methods, it is clearly evident that while one method may be 
suited to one class of oil and another to another class, the bomb 
calorimeter is the most trustworthy apparatus for employment 
with all oils. Full details as to the working of this instrument are 
given below. 

'* After the ignition of the sample as there prescribed, the bomb ivS 
connected by a piece of rubber tubing to the bottom of a cylinder of 
glass beads moistened with weak alkali solution (free from sulphur), 
and the gaseous products of combustion are washed free from sul- 
phates before escaping into the air. The bomb is opened, the washings 
poured into it, and then through a quick filt.er into a beaker, together 
with three or four rinsings with distilled wat<^r. The usual precipi- 
tation with barium is then carried out. 

" Galoriflc Value. — ^The question of the thermal efficiency of oils Ls 
occupying the attention of the petroleum specialist to an increasing 
extent in view of the steadily extending use of liquid fuel for industrial 
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purposes. The apparatus yielding the most satisfactory results with 
a minimum of trouble is undoubtedly some form of " bomb calori- 
meter," such as that employed bj'^ M. Berthelot. The high cost of 
this particular instrument, owing to the amount of platinum used in 
its construction, often places it 'beyond the reach of the chemist, but 
a very good substitute has been designed by Mahler, and may be 
safely recommended. 

The following free translation from the French of the pamphlet 
supplied by the makers gives full guidance as to its manipulation : — 

**The calorimeter (fig. 19) is essentially composed of a bomb, B ; 
a calorimeter, D ; an insulating jacket, A ; and an agitator, S. 
The bomb has a capacity of about 650 c.c, and the walls are 8 mm. 
thick. This capacity assures complete combustion of the sample by 
providing a decided excess of oxygen. 

*' The bomb, made of specially forged steel, is nickel-plated outside, 
and has an inner coating of enamel ^ to resist the corrosive action 
of the nitric acid, which always forms during the combustion. The 
bomb is closed by a screw lid fitting tightly on a lead washer. The 
cover carries a screw valve, which permits the introduction of oxygen. * 
Through the cover, or lid, a platinum electrode, E (well insulated), is 
carried into the interior of the bomb. 

"Another rod of platinum is also fixed, supporting the capsule 
plate. El, where the sample to be tested is placed. 

" The sample is ignited by contact with the iron wire spiral, F (of 
known weight), which is connected at the desired moment to an 
electric current of about 12 volts and 2 amperes. A simple mechanical 
combination works the helicoidal agitator, and allows the operator 
to give a regular stirring movement without trouble. On the right 
side of the stand carrying the manometer is placed a screw valve, 
which can easily be adjusted to allow the slow introduction of the 
oxygen into the bomb. This valve avoids the necessity of using the 
valve on the oxygen cylinder, and is much more easily adjustable to 
give a slow supply of oxygen. M. Mahler uses the cylinders of com- 
pressed oxygen as figured, and, as a suitable pressure for the com- 
bustion of 1 gramme of oil is 25 atmospheres, a cylinder containing 
1000 litres of gas at 120 atmospheres would be sufficient for about 
sixty experiments. 

** Weigh 1 gramme of the substance to be tested into the capsule, 
El ; adjust the iron wire spiral used for igniting the sample. After 
the capsule has been firmly fixed on its supporting rod, screw on the 

* The specific heat of steel is 01 160 ; this specific heat has been determined 
by M. Matignon, at the College of France (laboratory of M. Berthelot). The 
specific heat of enamel is 0-2045; also foimd by M. Matignon. ^.^ GdOqIc 

' The small nut on the top of the milled head is provided'%o^kefep^ne s^w 
valve in position by means of a spanner when the tnbe is screwed on. 
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lid of the bomb very firmly by gripping the latter in the vice provided, 
and using the large spanner. Connect the screw valve of the bomb 
to the tube leading from the pressure gauge, taking care to have the 
screw valve on the manometer stand closed. First open the tap of 
the oxygen cyUnder, O, and then very gently open the screw tap on 
the manometer stand and allow the . gas to flow until it registers a 
pressure of 25 atmospheres on the manometer. Now close the mano- 
meter screw tap, the screw tap of the oxygen cylinder, also the screw 
tap on the cover of the bomb, and disconnect the tube from the bomb. 
It is recommended that the substance to be tested should not be in 
too fine a powder, as the current of gas entering may blow it out Of 
the capsule. To avoid this, care should be taken to allow the oxygen 
to enter the bomb slowly. 

" Place the bomb in the calorimeter, D, then put the thermometer, 
T, and the agitator, S, in position, and pour in the water, which has 
been previously measured. Leave the apparatus so assembled for 
a few minutes, stirring at intervals so as to ensure a somewhat 
equable temperature before commencing observations. Then, when 
all is ready, the stirring is performed continuously, and a careful note 
taken of the temperature every minute for about five minutes, so as 
to fix the law which the thermometer follows before the substance is 
ignited. Now ignite the substance by connecting 'one wire of the 
battery to the platinum electrode, E, and the other wire to some part 
of the screw tap. Take note of the temperature half a minute after 
the ignition, also at the end of this minute, and continue to take the 
thermometer readings every minute until they commence to show a 
regular fall in temperature. This is the maximum temperature to 
he noted. Continue the readings of the thermometer for another 
five minutes, so as to fix the law the thermometer follows after the 
maximum temperature has been reached." 

" The following are the rules for correction of calculation: — (1) The 
law of the decrease of temperature observed after the maximum re- 
presents the loss of heat of the calorimeter before the maximum for any 
one minute, on the condition that the average temperature of this 
minute does not differ by more than one degree from the maximum 
temperature. (2) If the temperature of the examined period differs 
by more than one degree, but by less than two degrees, from that of 
the maximum, the figures which represent the law of decrease at the 
moment of the maximum diminished by 0*005 give the correction 
required. The two preceding remarks suffice in all cases. Moreover, 
without affecting the precision of the experiment, it may be taken 
that the law of variation followed during the first half of the minute^ 
during which the ignition took place is that which existed at the begin- 
ning of that minute. During the whole time of the observation 
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the operator ought to take care to see that the agitator acts 
regularly. 

*' When the observatiou is finished, first open the screw tap, then 
the bomb itself. Now wash the interior of the bomb with a little 
water, so as to collect the acid formed during the explosion. The 
nitric acid is estimated by titration with alkali, and now we are in 
possession of all the elements for the calculation, for since the 
calorific power, Q, is the whole — 

Q = A(P+P')-(0-23p + l-67)'). 
A =the difference of the corrected temperature. 
P =the weight of water in the calorimeter. 
P' =the equivalent of water in the bomb and its accessories. 
p =the weight of the nitric acid (HNO3) found. 
p' =the weight of the small iron spiral. 
0-23 =the heat caused by the formation of 1 gramme diluted 

nitric acid. 
1-6 =the heat caused by the combustion of 1 gramme 

of iron. 

'' If it is a question of testing oil, no notice need be taken of the 
small quantity of sulphuric acid which results from the oxidation of 
the sulphur of the sample, and which will be estimated in the titration 
as nitric acid. The error is in reality, negligible in a commercial 
estimation. But one will notice that the bomb gives a means of 
estimating the sulphur, which is entirely oxidised and transformed 
into sulphuric acid.^ In this case it is unnecessary to take note of 
the thermometer reading. In the case of a test of a substance with 
little hydrogen in it — coke, for example, — ^so little water is formed that 
the quantity is insufficient to dissolve the acids. It is then necessary 
to put at the bottom of the bomb a few c.c. of water, which one 
must take into account in the calculation. 

"Proceed just the same for a liquid as for a solid. But if the liquid 
emits appreciable vapours at ordinary temperatures, it is better to 
weigh the amount taken in a thin capsule with slender points, through 
which passes the fuse of iron wire. When the capsule is introduced 
into the bomb, care must be taken to break these points, so as to 
allow the oxygen to make contact with the liquid. 

'*The method of finding the calorific power of gases is as follows : — 
Carefully measure the empty space in the bomb ; fill it first of all with 
gas, now empty and definitely introduce the gas under atmospheric 
pressure at the temperature of the laboratory, then add the oxygen, 
and proceed the same as for solids or liquids. ^<-^ t 

_ . . , , . ngitizedbyV^OOQle 

* The heat given out by the formation of the diluted sulphuric rtWd, HjSOi. 
can be calculated on the basis of cal. 73 per gramme of HjSO*. 
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** The determination of the calorific power of gases offers a peculiar 
difficulty. .Care must be taken not to mix the gas with such a quan- 
tity of oxygen that the mixture ceases to be explosive. For ordinary 
lighting gas 5 atmospheres of oxygen are sufficient. For the gas 
of Siemens' generator not more than half an atmosphere, measured 
by the mercury manometer, must be taken. 

** Determination of the Equivalent in Water of the System.— To 
find the term of correction Tepresenting the exact equivalent P' of 
the system in water, the most simple way is to make a double experi- 
ment, as follows : — Burn in the bomb a known weight, 1 gramme, 
of naphthalene for example, with 2300 grammes of water in the 
calorimeter. Next burn 1 gramme of naphthalene with only 2100 
grammes of water in the calorimeter. We have, then, two equations 
which between them eliminate the calorific value of the naphthalene, 
and the water equivalent can be deduced from the difference in the 
two sets of figures. Care must be taken to weigh the naphthalene 
after it is half melted ; otherwise, if it were not fused, some of it 
would be scattered by the current of oxygen and would not be 
burnt. 

''Example of the Determination of Calorific Value.— The com- 
bustible was a sample of colza oil. Its analysis gave — carbon, 77'182 
per cent. ; hydrogen, 11-711 per cent. ; oxygen and nitrogen, 11-107 
per cent. The weight taken was 1 gramme. The calorimeter con- 
tained 2200 grammes of water. The equivalent in water of the 
bomb and its accessories was 481 grammes.^ 

'' The apparatus having been assembled as described, a few minutes 
were allowed to elapse, so as to establish a uniform temperature, the 
stop-watch was started, and the thermometer readings recorded 
as below : — 

Preliminary Period. 



minute 






. 10-23° 


1 „ 






. 10-23° 


2 minutes 






. 10-24° 


3 






. 10-24° 


4 






. 10-25° 


5 






. 10-25° 


/ 


10-25° 


-10.23<'_^;^ 


)04 



ignited by means of electrodes. ^ t 

Digitized by VjOO^IC 
• The equivalent in water, 481 grammes, was found by a special method 
giving directly the exact heat value of the 8y8t<^m. 
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petroleum refining. 
Period of ('ombustion. 



6J minutes 
6 

7 
8 



9 minutes 
10 
11 
12 
13 



Last Period. 



aT^ 



13-84° -13-78° 



10-80° • 

12-90° 

13-79° 

13-84° (maximum) 



13-82° 
13-81° 
13-80^ 
13-79° 
13-78° 



= 0-012. 



*'The thermometrioal observations were stopped. The variation 
of the temperature was — 

13-84° -10-25° =3-69°. 

**Take note of the following (corrections. The sj'st-em had lost, 
during the minutes (7, 8) (6, 7), a quantity of heat = 



13-84° -13-78° 
5 



x2=0-012x2=0024.^ 



During the half-minute (5^, 6) a quantity of heat 

= (0-012-0-006) J =0-0036, 

and during the half-minute (5, 5J) it gained 

10-25° -10-23° 

~ X I =0004 X J =00020.2 

It follows that the net loss during the minute (5, 6) was 0-0035—0-002 
=0-0015. 

** Altogether the system lost during the experiment a quantity of 
heat =0-024 +0-0015 =0-0266, which must be added to the 3-59'' 
already found. 

*' The variation of the corrected temperature is then 3-615°, neglect- 
ing the fourth place. The quantity of heat observed is therefore 
(2-200+481) X 3-615 = 9 cal. 691815. Take 9 cal. 6918. 

ngitizedbyGOOQle 

* Law of cooling after the maximum. 

• Law of variation of temperature at the moment of the minimum. 
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'* To get the required result we must subtract from this : 

(1) The heat caused by the formation of 0-13 

gramme of nitric acid, HNO3, titrated 
volumetrically, 0- 13x0-23 =0 cal. 0299 

(2) The heat of the combustion of 0025 

gramme of iron thread, 0025 x 1-6 =0 cal. 0400 

To be subtracted cal. 0699 

The final result is then 

9 cal. 6918-0 cal. 0699-9 cal. 6219, 

or for 1 kilogramme of oil, 9-621 cal. 9. 

" Note that the dimensions of the apparatus are such that one can. 
without difficulty, arrange once for all so that in all experiments the 
insignificant corrections cancel one another. If x is the correction 
due to loss of heat during the operation, it will not be necessary to 
make the correction if 

0-23p + l-6p' = a;(P+P'). 

p' is at the disposition of the worker within certain limits ; P equalh' 
so. Evidently, then, it is possible^to make the equation sufficiently 
true. Thus the calorific value of colza oil is 9621-9 cal. Simply 
multiplying 3-59 by 2681 gives 9624, which approximates to 
within 2 in 9000." ^ 

7. Fractional Distillation of the Grade Oil in 5 per cent Fractions. 

— ^In order to formulate a complete refining process it is necessary 
to carry out that process in miniature, experimenting with repre- 
sentative samples of the oil to be treated on the large scale. The 
results obtained will enable the refiner to design and arrange the 
whole plant to the best advantage. A still having a capacity of 
5 gallons is desirable, for that quantity can be completely distilled 
and the fractions care&lly measured within usual laboratory working 
hours. To ensure suflScient of the various fractions for further 
examination, several distillations should be made and the fractions 
bulked together. In this way ample oil will be obtained to enable 
all tests of the fractions from the crude oil to be performed, second 
stage operations worked in miniature, and samples of intended 
products prepared. Thus a valuable insight into the working of 
the process will be found, and much trouble avoided when operations 
on the large scale are commenced. 

The experimental still ma}'^ be either of the '* pot " or " cylin- 
drical " type, heated preferably by gas burners. For crude oil dis- 
tillation, i.e. the first stage in the operation, the author prefers a 
plain still-head attached to the still. A condenser of adequate 
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cooling surface is connected, and arrangements made for the control 
of the condensing water to prevent solidification of paraffin, should 
any exist, in the heavier fractions distilling over. This is done by 
checking the flow of water, stopping it, or even running it off, to 
allow the temperature of the condenser to heat up to the point 
necessary for the distillates always to remain liquid. The determina- 
tion of the setting-point of the crude oil itself and that of the residue 
from the Engle/distillation will indicate what is to be expected when 
the heavy fractions distil over. 

The condenser should be connected to a vacuum pump to allow 
of the distillation being conducted, entirely or partially, under 
diminished pressure, a very necessary precaution if the oil under 
examination is prone to ** cracking," which, if allowed to take place, 
will lower the flashing-point and be detrimental to viscosity, colour, 
. and yield of paraffin of the heavy distillates. 

The still is connected to a steam generator and the steam there- 
from passed through a superheating furnace. After the benzine 
has distilled off, the rate of distillation is maintained by introducing 
steam into the still as well as by increasing the fire heat. The 
temperature of the steam at this stage is only sufficiently high to 
ensure it being quite " dry," but it may be advantageously increased 
in temperature as the distillation progresses. The volume of steam, 
measured as condensed water passing over with the distillate, will 
vary from a small quantity at the commencement, increasing towards 
the end. The average may be taken as 26 per cent, of the condensed 
distillate. 

Pig. 20 illustrates an experimental still of the type described, 
which has been found to give excellent results. The still-head is 
interchangeable with a dephlegmator for the refractionation of the 
crude benzine, i.e. all the fractions of the crude oil containing 
appreciable quantities boiling under 150° C. 
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Explanatory Key to Fig. 20. 



A 


Boiler, capacity 10 


D 


Dephlegmator, to replace 




gallons. 




still-head when desired. 


a 


Gauge glass with drain 


q^q 


Unions connecting still- 




cock to gutter. 




head and dephlegmator , 


b 


Steam gauge, to 40 




to condenser. 




lbs. per sq. in. 


E 


Condenser. 


c 


Safety valve to blow off 


r 


Water inlet to condenser. 




at 15 lbs. per sq. in. 


8 


Water outlet from con- 


d 


Filling cock from water 




denser. 




main. 


t 


Condenser support. 


e 


Blow-off cock delivering 


u 


Union connecting con- 




into drain connecting 




denser to worm-end. 




with gutter. 


F 


Worm-end. 


' / 


Three - ring Fletcher 
burner. 


VyV 


Worm-end cocks with 


1 




taper connectors ; re- 


B 


Steam superheater. 




ceivers attcushed by 


1 ^ 


Fletcher burner. 




rubber corks. 


1 ^ 


Drain cock for surplud 


G 


StlU-head. 


1 


steam and condensed 


n 


Thermo-tube for register- 


i 

1 


water ; delivering into 




ing temperature of oil 




drain connecting with 




vapours. 


1 
i 


gutter. 


o 


Filling cock. 


1 *' 


Thermo-tube, for register- 


P 


Three Fletcher's burners 




ing temperatures of 




in parallel. 


j . 


steam. 


H 


Vacuum water pump. 


1 c 


Still, capacity 5 gallons. 


w 


Connection to vacuum 


J 


Cone-valve for regulating 




pump. 




steam supply to still. 


X 


Vacuum trap and mano- 


k 


Steam distributor, per- 




meter. 


1 


forated with 32 X i\ 


y 


Mercury back pressure 




inch holes, staggered 




safety trap. 


1 


at 45'' from vertical. 


z 


Water-supply cock to 


, I 


Thermo-tube for register- 




pump. 




ing temperature of oil 
in still. 


z' 


Compo-tubing allowing 






fall of 20 feet to water 


m 

1 


Drain cock. 




coming from pump. 
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The following diagram is illustrative of the full process, which, 
of course, may be modified to suit the oil to be dealt with. For 
instance, the kerosene fraction, at the once-run stage, may be suit- 
able for market conditions without redistillation, or the heavy oil 
may contain no -solid paraffin, in which case refrigeration will be 
omitted. There may be a good market for fuel oil, and, if so, it may 
be best, from a financial point of view, simply to remove the benzine 
and kerosene fractions, or even the benzine only, leaving the residues 
therefrom available for disposal as fuel oil. Therefore it will, as 
already stated, be necessary to adopt the full refining process 
illustrated, to the analysis of the crude material and to market 
conditions existing for products. For larger concerns, of course, 
with facilities for transport, the whole world is practically open as a 
market for products ; but the lesser, with limited resources, may 
be confined to a small local field for the disposal of produce. All 
these points must be considered by the refiner in formulating the 
process of manufacture. 

DIAGRAM 1.— FULL REFINING SCHEME. 

Crude Oil Distillation. 



Crude benzine. 
Redistillation. 

I 



Benzine in 

one or more 

grades. 



ReMtte. 



Once-run kerosene. 



Bodistiilation. 



Kerosene. 



Inierthediate 
oil 



Heavy oil and paraffin. 
Redistillation (Y). 

I 



Heavy 

residue, 

pitch or 

coke. 



Loss. 



liid <fUtyt HO and P, 

In one or two fractions. 

Refrigeration. 



Residue, 

pilch or 

coke. 



Paraffin scale. 
Fractional sweating. 



FiUrate. 

Lubricaling oil base, 

Rofractionation or 

concentration. 



Loss. 



High vteliing- point Ijow nielling- point 

Wax. Wax. 

Decolor isation. 
Candle manufacture. 

The 5 per cent, fractions are tested individually and the results 
tabulated. Specific gravity, flash-point, setting-point, and frac- 
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tioDal composition are determined and recorded. It is a good plan 
to begin the flash-points on the last fraction over with the Gray 
tester, and work back until the result comes within the range of the 
Abel instrument, carrying on therewith until reaching the fraction 
whose flash-point is too low for determination at all. In the same 
naanner the setting-points should be examined, testing those that 
may be solid by the bulb test, and changing to the test-tube method 
when the amount qf sohd paraffin diminishes, and ceasing when 
a fraction is discovered with a setting^point about 15^-20° F. 

For the examination of the fractional composition of the 5 per 
cent, fractions the author uses Sir Boverton Redwood's method for 
the examination of petrols. This is appUed until the intermediate 
fraction is reached and the determination of initial and final boiling- 
point omitted. 

The method above referred to is as follows : — 

'' 100 c.c. of the sample are measured into a Wurtz distillation 
flask, 2| inches in diameter, with a neck f inch internal diameter, 
the distance from the shoulder, or top, of the globular portion to 
the lateral exit tube for vapour being 2^ inches. The angle between 
the exit tube and neck should be 75 degrees. 

" A perfectly sound cork, bored quite centrally, is fitted into the 
neck of the flask, and a cylindrical-bulbed thermometer is passed 
through the hole in the cork so that the bulb is half immersed in the 
liquid contained in the flask. 

'' The flask and contents are placed on wire gauze, and the exit 
tube of the flask connected to a liebig's glass condenser, the inner 
tube of which is 24 inches in, length. (Before the experiment is 
carried out the interior of the condenser tube is wetted with a little 
of the sample to be treated, and then allowed to drain.) 

"A small flame is first placed under the wire gauze and the 
temp )rature of the liquid gradually raised. 

" When vapour is first evolved it will be seen to condense in the 
sides of the flask just above the surface of the liquid, and as the 
temperature is increased the vapour will be seen rising into the neck 
of the flask. While this is taking place, the thermometer is raised 
to follow the vapour until the centre of the bulb of the thermometer 
is 1 inch below the exit tube, care being taken to keep the bulb 
completely surrounded by vapour. When the first drop of condensed 
vapour falls from the end of the exit tube of the flask into the con- 
denser, the temperature of the vapour, as shown by the thermometer, 
is noted, and this temperature is recorded as the initial boihng-point. 

" After the initial boiling-point has been observed the size of the 
flame is increased, so that the rate of distillation is 2 to 2| c.c. per 
minute, and the percentages of distillates noted at various tern- 
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peratures as required, the thermometer still being in the position 
mentioned above (i.e. 1 inch below exit tube). 

" The final boiling-point is the temperature observed when the 
bottom of the fiask becomes dry. In some cases, at this point, 
a drop of condensed vapour falling from the bulb of the thermo- 
meter on to the dry surface is immediately converted into dense 
vapour resembling smoke." 

If the results obtained by carrying out the foregoing seven points 
for determination are tabulate and considered in connection with 
market requirements, subsequent stages of treatment may be decided 
upon as found necessary. 

It might be decided to separate the benzine fractions only, dis- 
posing of the residue as fuel oil, and in that case, it will only be 
necessary to consider the composition of the distillates to be removed 
and the physical properties of the residue. If kerosene is to be 
produced in the maximum quantity yielded by the crude material, 
the treatment required to render the crude oil distillates suitable 
for the intended market, and the character of the remaining residue, 
must be considered. In the event of full refining operations being 
advisable, to produce the maximum yields of benzine, kerosene, 
intermediate and heavy oils, parafiin, if any, and pitch, coke, or 
heavy residue, it will be necessary to continue the examination 
further, as follows : — 

Benzine Fractions. — All the 5 per cent, fractions containing more 
than a few per cents, boiling under 160° F. should be bulked together, 
and 2 litres distilled over a good standard fractionating column, or 
dephlegmator, into small fractions. . Whether these measure 2 per 
cent, or a larger quantity will depend on the problem to be con- 
sidered. Since, in this case, full refining is intended, where it is 
well to know the exact fractional composition of these fractions 
which represent the crude benzine of large operations, it is best to 
divide the distillate into 2 per cent, portions. The temperature at 
which each distils into the condenser, and the specific gravity, must 
be noted and tabulated. In this way the disposition of the fractions 
to various marketable products will be readily made, and the crude 
benzine split up into petrols, heavy benzine, white oil (turpentine 
substitute), and kerosene, the results approximating very closely 
to those obtainable on the large scale by modern plant. 

Figs. 21, 22, 23 show three forms of fractionating columns, viz. 
the 12-pear, the Glinsky, and the Le Bel-Henniger. There are other 
forms of fractionating columns, particulars of which will be found 
in works of reference on the subject. Those mentioned are instru- 
ments largely used for this class of work. In actual practice the 
amount of crude benzine to be redistilled, or rectified, may be reduced 
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to the minimum by introducing a dephlegmator between the crude 
oil still and condenser. 

Kerosene Fractions (once-run kerosene) may require redistillation, 
either wholly or partially. That is, some,. the lighter, fractions, may 
be passed to the second stage direct from the crude oil distillation, 
while the heavier only require redistillation to separate fractions 
boiling above the kerosene limit. The fractional examination of 
the 5 per cent, fractions will reveal what is necessary in this respect, 





Fio. 21.— 12.pear 
dephlegmator. 



Fig. 22. — Glinsky 
dephlegmator. 



Fio. 23.— Le Bel-Henoiger 
dephlegmator. 



and the operation may be performed in a still fitted with an ordinar}' 
still-head. Marketing opportunities will, of course, be the deciding 
factor for the operations to be carried out. 

Intermediate Fractions existing between the kerosene limit and 
heskvy oils may be those separated at the crude oil distillations, the 
heavier fractions from the kerosene redistillation, or the lighter 
fractions from the redistillation of the heavy oil and paraffin filtrate. 

Heavy Oil Fractions. — Should these contain no solid paraffin 
their fractionation will be the same as that performed on the oils 
from which paraffin has been extracted. When they contain solid- 
paraffin they are bulked together and the whole frozen into a solid 

5 
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maBB. It is sometimes advantageous to im^lude with those containing 
much paraffin one or more of the fractions containing no solid matter, 
for good crystallisation and separation of the oil from the paraffin 
result from such a mixture. The selected fractions bulked and frozen 
solid in a freezing mixture are pressed carefully and gradually in a 
screw press until the larger portion of the oil is expressed, the frozen 
mass being contained in a bag of filter cloth specially made for the 
purpose. The scale is then removed from the bag and repressed in 
another of finer texture to ensure the removal, as far as possible, 
of any oil remaining in it. 

An ordinary letter press, or, better still, a screw tincture press, 
packed in ice, will be found suitable for this work. The first pressing 
should not be conducted in too high a temperature, a gradual rise to 
normal being preferable, as the objects in view are the production 
of (1) filtrate containing as little solid paraffin as possible when 
examined for set point by the test-tube method, and (2) scale 
containing a minimum of oil only. 

A more satisfactory method of separating the scale from the 
heavy oil and paraffin is to employ a filter press, as illustrated by 
fig. 24. The use of this will enable the refiner to record useful data 
as regards the rftte of filtration per square foot of filtering area and 
the character of the scale to be removed. If the oil contains little 
solid paraffin, the separation may be effected in one stage ; but if the 
paraffin is abundant, it. will be found more expeditious and economical 
to cool and filter in two stages. 

The scale from both stages is mixed together in the proportion 
in which it exists in the oil, melted, and formed into a solid cake by 
allowing the melted mass to cool to the atmospheric temperature. 
The cake will be of a convenient size to be placed in a water-bath, 
and its thickness should measure above half an inch. The tempera- 
ture of the water-bath will be controlled by a regulating device, and 
the cake will rest on a shelf of gauze fitted into a tray to receive the 
*' sweatings." By the gradual increase of temperature the scale 
may thus be fractionated into various gra.des. In most cases coming 
within the author's experience the highest fraction becomes almost 
white by the above sweating, and requires only a final filtration 
through a decolorising medium to render it perfectly 90. In some 
cases it will be necessary to ** resweat " the scale to attain best 
colour results, or to treat the sweated paraffin with sulphuric acid 
before the final decolorising filtration. Several mediums are used 
for this last operation, charcoal, Japanese acid clay, fuller's earth, 
and bauxite being in regular use at the present time. Bauxite is 
very efficacious as a decolorising medium for wax, kerosene distil- 
lates, and for residuum lubricants. ^ 



EXAMINATION FOR YIELDS OF MARKETABLE PRODUCTS. 67 

The ore must be ground to a state of division which will give best 
decolorising effect, and yet not so fine that it will clog the filter. 
It is ignited at a dull red heat until all, or most of, the water of com- 
bination it contains is driven off. It is then placed in a tubular 
filter, kept at a temperature well above the melting-point of the wax 
to be decolorised. The ** runnings " are, at first, if the wax is sus- 
ceptible to the action of the bauxite, quite white, but they gradually 
become darker, until the eflSciency of the bauxite is exhausted. 




Fiu. 2-4. — Laboratory tiiter press. 

About 1 lb. of ignited bauxite will decolorise 1 gallon of melted wax, 
which must, of course, be perfectly free from water. In laboratory 
work the extraction and recovery of the wax adhering to the bauxite 
will be readily accomplished by washing with petroleum spirit or light 
oil. The recovery on the large scale will be explained later. 

The Filtrate, after removal of the solid paraffin, must be examined 
to ascertain what proportion is suitable for lubricating oils. This is 
done in a small metal still — sslj 2 gallons capacity — fitted to arrange- 
ments already made for superheated steam and diminished pressure. 
The division of the distillates into 10 per cent, portions, and the^ 
determination of their specific gravity, flash-point, and viscosity at 
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varying temperatures will furnish a good indication of percentage 
yields of oils suitable for lubrication of light and heavy machinery, 
and for use in electrical transformers, switches, etc. The filtrate 
may require treatment with sulphuric acid before redistillation to 
ensure good coloured distillates. 

Another way of obtaining the same results is to divide the heavy 
oil and paraffin distilling from the crude oil into several fractions 
and to extract the paraffin from each separately, the tests of the 
filtrates being recorded. 

Portion of the lubricants may be produced as residues, in which 
case a given quantity is distilled oflE the filtrate. Usually the greater 
the quantity taken off the higher the tests of residue left in the still. 
Considerable experience in the manipulation of the fire heat and 
superheated steam is necessary for obtaining best results. It is 
desirable to produce lubricants at the lowest possible temperature 
to obviate risk of decomposition in the still. 

Pitchy Coke or Residue. — If the crude oil is worked for residue 
to be used as fuel for manufacturing purposes, the distillation is 
simply stopped at a determined point. For instance, the last 
distillates coming over might be very viscous and highly coloured 
and expensive to work into good products. If left in the still 
they might make good pitch, and a market might be available for 
coke. In that case, perhaps the most economical procedure is 
to leave them in the stiU as a residue, which is blown or run out 
into a cooler, whence it is transferred to the fuel tanks. When 
running the distillation to coke, the still is fired until the steam 
blows all the oil vapours from the still and condenser. When the 
clean steam blows through, the fire is withdrawn, allowing the steam 
to pass for a short time afterwards. In this way the coke is deposited 
in what may be called an aerated condition on the still bottom. 
Without this steaming the coke will be very hard and difficult to break. 
When the " coking " stage is reached the vacuum pump reducing the 
pressure on the still will, of course, be withdrawn. 

When pitch is desired the operation is similar to that for- making 
coke. A trial experiment wiU be necessary to ascertain what quality 
is obtainable, and considerable experience is required for the proper 
adjustment of steam and fire to produce the best results. 

CHEMICAL TREATMENTS AT INTERMEDIATE AND 
FINAL STAGES. 

So far nothing has been said about chemical treatments which may 
be necessary at intermediate or final or all stages if the resultant 
products are to be of finest quality obtainable from a crude oil 
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yielding distillate of inferior quality. The chemicals in general use 
for petroleum distillates or residues are sulphuric acid, caustic soda, 
and litharge. 

If the crude oil is non-sulphurous, the two former are used. \Mien 
sulphur is present, which will be evident from the odour of the oil 
and its distillates, it is partially removed by treatment with a solution 
of litharge in strong caustic soda. All these treatments are executed 
in the experimental stage in glass separators (fig. 25), or in the half- 
gallon bottles known as " Winchesters." Agitation is accomplished 
by hand or by attaching the vessel to a shaking machine, of which 
fig. 26 is an illustration. Miniature agitators are also in 
use, and are made on the same design as those employed for 
large quantities. 
^ , The acid used is what is known as ** strong " (specific 
iigravity 1-840 or 168° TwaddeJl). The oil to be treated is 
thoroughly freed from any traces of water (and it will be 
obvious that distillates from steam distillations and filtrates 
from brine-cooled chambers are liable to contain such) 
before the sulphuric acid is added. If this precaution. is 
omitted the operation becomes more costly because the 
sulphuric acid is diluted ; nor is the resultant oil so satis- 
factorily treated. 

The amount of acid required must be determined by ex- 
periment. Benzine and kerosene fractions usually require 
a small percentage only, probably 1 per cent, or 2 per cent., 
while the heavier oils may take as much as 10 per cent. 

The acid and oil are agitated together in the mixing 
vessel, or washer, the duration of the agitation depending 
on the grade of oil. The mixture is allowed to repose 
until the tar is precipitated, the period required for the subsidence 
depending on the " body " of the oil. Benzine takes a short time, 
kerosene a little longer, while heavj" oils take a considerable time 
to thoroughly separate. When this is complete the oil is divided 
from the tar, allowing no traces of the latter to be carried over, 
and transferred to another vessel in which it is neutralised by 
agitating it with caustic soda solution. The strength of the latter 
varies with the grade of oil and the amount of acid employed, and 
varies from 6° Twaddell for benzine to 24° Twaddell for heavier oils. 
Care must be taken in agitating the acid-treated oil with caustic 
soda solution, as too violent or too long agitation frequently results 
in an emulsified mass, diflficult and sometimes impossible to separate 
into oil and solution. While benzine and kerosene will r se para te> 

• * , 1 . . .1 1. -igitized bv V * 

from chemicals satisfactorily at ordinary temperatures, steam neat 
is neeessary to effect a separation of the soda liquor from heavy 



Fig. 25.— 

Separator 

(Laboratory). 
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oil. The acid tar, however, usually precipitates, although, as 
already indicated, somewhat slowly. 

Litharge treatment, when necessary, is carried out in similar 
vessels to those employed for acid and soda. The litharge is dis- 
solved in a strong solution of caustic soda, and a small percentage 
of the sodium plumbite so obtained agitated with the benzine or 
kerosene (sodium plumbite has little or no effect on the heavier oils) 
until the lead sulphide formed begins to separate. This takes the 
form of a black precipitate, when a fairly large proportion of those 
sulphur compounds which will combine with the lead salt are present ; 
but, if merely existing in small quantities, a yellow or brown coloura- 
tion only is produced. The precipitation of this colour may be effected 
by adding a trace of sulphur to the mixture. 






^m^m^!^}^ 





Fio. 26. — Shaking machine. 

Sulphur is also partially eliminate<l by the Edeleanu sulphur 
dioxide process, which will be referred to later. 

Viscosity or '* body " of lubricants is the property by which 
these oils are valued. It is most important to note that the loss of 
this property when the oil is heated must not be excessive, for an 
oil which becomes rapidly thin on heating will not be a good lubricant. 
To discover the extent of this reduction due to rise of temperature 
the determination of viscosity should be carried out at differing 
temperatures. In deciding the yields of the various grades obtainable 
from any crude oil, or in examining the refined products or market 
samples, the instrument used for determination of viscosity is that 
designed by Sir Boverton Redwood. Within recent years the vis- 
cosity of fuel oils for the requirements of the British Government 
has been defined within certain limits. The instrument specified 
for this test in known as the Redwood No. II. viscometer. Both 
instruments are fully described in the following absti-act from the 
inventor's Treatise on Petroleum: — ^ igitizedbyCjOO^lC 

^ Redwood's Treatise on Petroleum, 3rd Ed., vol. ii. pp. 272, 276-277. 
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'^ Lnbricating Value. — The lubricating value of an oil is now 
usually deduced from its viscosity, though in some cases frictional 
tests are made with machines which will be described later. 

" Detemiination of Viscosity.— Although the results afforded by 
the use of a viscometer are purely arbitrary, and the viscosity as 
determined with one form of viscometer is not usually strictly 
comparable with that ascertained by means of another of different 
construction, yet each of the viscometers generally employed admits 
of being accurately standardised, so that any number of instruments 
of the same form may be constructed to give practically identical 
results. Viscosity is now regarded as one of the most important 
characters of a mineral lubricating oil, and several forms of apparatus 
for determining it are in use. 

" The Redwood viscometer has been adopted in this country by 
the Admiralty, the War Office, the principal Railway Companies, 
the Scottish Mineral Oil Association, and the petroleum trade 
generally. 

" Redwood's Viscometer.— The Redwood viscometer (figs. 27 and 
28) is a modification, designed by the author in 1885, of the instru- 
ment formerly used at the Battersea Works of Price's Patent Candle 
Company. It consists of a silvered copper oil-cylinder, 1| inches 
in diameter and 3| inches in depth, furnished with an agate jet 
fitted into a slightly conical metal seating. The cylinder is fixed 
in a brazed copper wajter-bath provided with a copper heating-tube 
projecting downwards at an angle of 45° from the side near the 
bottom, as well as with a revolving agitator carrying a curved shield 
to prevent splashing and a thermometer to indicate the temperature 
of the liquid in the bath. The oil-cylinder has a stopper consisting 
of a small brass sphere which rests in a hemispherical cavity in the 
agate jet. The sphere is attached to a wire by means of which it 
is raised and hooked on to a clip which supports a thermometer 
in the oil. Inside the oil-cylinder, and at a short distance from the 
top, is fixed a small bracket terminating in an upturned point, 
which serves as a gauge of the height to which the cylinder is filled. 
The instrument is supported on a tripod stand, furnished with levelling 
screws. Great care is taken in the construction of the agate jets 
to secure uniformity, and any small differences in the rate of flow 
are corrected by slightly altering the position of the pointed bracket 
in the oil-cylinder. Th^ instruments are thus all standardised. 
The viscometer is used in the following manner : — The bath is filled 
with a suitable liquid to a height corresponding with the point of 
the bracket in the oil-cylinder. Water may be used for temperatures 
up to 200"* P., and a heavy mineral oil for higher temperatures. 
The liquid being at the required temperature, the oil to be tested, 
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which may previous^ be brought to the same temperature, is poured 
into the inner cylinder until its level just reaches the point of the 



A->Oil cylinder. 
B » Bracketrgange. 
0-Bath. 

D— Draw-off cock. 
B— Heating-tube. 
H« Agitator. 
J a Agate Jet. 
E a Handle of agitator 
Ra Support for thermometer. 
S a Hook to suspend stopper. 
TsBath thermometer. 
T.bOiI thermometer. 




Fios. 27 and 28. — Redwood viscometer. 



gauge. A narrow-necked flask, holding 50 c.c. to a point marked 
on the neck, is placed beneath the jet, in a vessel containing a liquid 
of the same temperature as the oil. The ball valve is then raised , 
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a stop watch at the same time started, and the number of seconds 
occupied by the outflow of 60 c.c. noted. When oils are being 
tested at a temperature much above that of the laboratory, 
a gas-flame is applied to the heating-tube, and the agitator kept 
in gentle motion throughout the experiment. The maintenance 
of the exact required temperature of the oil is thus, after a little 
practice, rendered easy. It is important that the apparatus should 
stand perfectly level, and that the oil should be free from dirt, water; 
or other suspended matters, and not have been heated very much 
above the temperature of the test during the preceding twenty-four 
hours. For very accurate determinations the apparatus should be 
enclosed in a glazed cupboard kept at the same temperature as the 
viscometer when the temperature at which the tests are being made 
is such as to admit of this being done. In order to express the 
results in terms of the viscosity of rape oil at 60° F., the standard 
used with this instrument, the number of seconds occupied by the 
outflow of 50 c.c. of the oil is multiplied by 100 and divided by 535, 
the average number of seconds occupied by the outflow of 50 c.c. 
of rape oil at 60° F. from the apparatus. The result is multiplied 
by the specific gravity of the oil at the temperature of testing, and 
divided by 0-916, the specific gravity of refined rape oil at 60° F., 
a correction being thus made iqr the difference in the specific gravities 
of the two oils. The time occupied in the outflow of 50 c.c. of water, 
at 60° F., is 25-6 seconds. 

"The author attaches considerable importance to the employ- 
ment of agate in the construction of the jet, as this material is not 
liable to become worn or injured, even if the instrument is subjected 
to somewhat rough usage. He has had .one of these viscometers 
in almost daily use in his laboratory at temperatures ranging from 
70° to 250° F. for the past twenty-five years, and the jet shows no 
sign of wear. He also regards the provision of an effective stirrer 
for the bath as highly desirable, for it is essential that the temperature 
of the oil subjected to the test should be most accurately adjusted 
and maintained. In the original standardising of the instrument, 
slight departures from the standard size of the orifice may be corrected 
by placing the gauge-point a little higher or lower. If, however, 
there be any considerable deviation from the model, especially in 
respect of the height of the column of oil, the instrument may be 
standardised to give the same results as the pattern with a certain 
oil, but will not necessarily furnish concordant results with another 
oil of different viscosity. 

** The author has devised a modified form of his viscometer, which, 
with the authority of the Admiralty, will be known as the Admiralty^ 
^T9^j for testing oil fuel. This instrument, as its name indicates, 
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has been specially constructed for use in determining the viscosity 
of oil fuel, for contract purposes, and is intended to be employed 
at a temperature of 32^ F. The oil-vessel is of the same dimensions 
as that of the original instrument, but the agate jet is longer, and of 
larger bore, the new viscometer being designed to give an outflow 
in one-tenth of the time occupied in the outflow of a similar volume 
from the original pattern. The jet is so mounted as to be completely 
surrounded by the water in the bath. The water-bath, which is 
of comparatively large size, and is jacketed, has no lateral heating- 
tube, but is provided with the usual rotating stirrer. The design is 
registered, and the sole makers are Messrs Baird & Tatlock (London), 
Ltd. The oil to be tested should be subjected to prolonged cooling 
at 32° F., by being kept in a refrigerator through the night, or for 
at least six hours, immediately before being placed in the oil-cup, 
and should be thoroughly stirred, before being transferred. When 
accurate results are desired, the viscometer should be placed in a 
refrigerating chamber, the temperature of which is maintained at 
32° F." 

Colour. — In the examination of products either from experimental 
or large scale work it is necessary to measure and record the colour 
of kerosene, lubricants, and wax. Market requirements have dictated 
that benzine should be colourless. 

A reliable and easily manipulated instrument for colour determina- 
tions of both solids and liquids is the Lovibond tintometer, which 
is fully described (by kind permission of The Tintometer Co., Ltd.) 
below. Wax in course of manufacture is examined in the liquid 
condition, and this may be readily done by heating the Lovibond 
cell, filling it with hot wax, and examining it before it begins to 
solidify. Liquid wax showing 0-74 yeUow (or lesa) in an 18-inch 
stratum will be practically colourless to the eye when solid. 

" The Tintometer was designed by Mr J. W. Lovibond, of Salisbury, 
for his own use in his business as a brewer. The many experiments 
that were found necessary before success was achieved aroused his 
interest in the whole subject of colour and colour measurement, so that 
eventually he fitted up workshops and laboratories, and employed 
assistants for carrying out original investigation. Several patents 
were taken out, in almost all civilised countries, and in 1886 the 
system, as it stands to-day, was practically complete, though the 
instrument and many details have been improved and protected by 
recent patents. - 

** About 1886 Mr Lovibond made public the result of his researches, 
and from that time to the present has made frequent communica- 
tions on various branches of the subject to the principal British 
scientific societies. From the interest taken in these papers arose. 
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many queries as to special applications of the instrument and system, 
and as each definite problem came forward Mr Lovibond and his 
assistants undertook the necessary investigations, and supplied 
instruments, in many cases specially designed. 

" During the twenty-six years from 1886 to 1912 inclusive, Mr 
Lovibond has employed from eight to twelve assistants in such 
work as is here outlined. 

" The tintometer has not been * on the market ' during the whole 
of this time, though a price-list was issued in response to many 
inquiries. Mr Lovibond has borne the whole cost of the investi- 
gation and experimental work. The apparatus is now ripe for 
application to a great number of trade and scientific purposes ; but 
in any cases where new or further investigation is necessary, Mr 
Lovibond and his assistants will undertake it at a reasonable charge. 
The great fact demonstrated by years of tintometer work is that 
colour is one of the most constant qualities of substances, and that 
any variation in colour is an index of variation in other qualities. 
In many cases a colour estimation, or a series of them, gives the 
quickest and surest index to absolute value for commercial purposes. 
Where an eye-estimation of colour is taken as an index of value, 
tintometer estimation will usually be found an absolute index. 
As the investigators are, necessarily, not experts in all businesses, it 
is advisable to state questions as clearly as possible, and to send 
samples of series of materials properly verified for their important 
qualities, when it is desired to ascertain whether the colour reading 
can index those qualities. 

" The tintometer is an instrument by means of which the depth 
of colour in liquids and solids can be accurately measured in degrees, 
placed in their position in a permanent colour scale, and registered 
for reproduction at any time. 

"It consists of a graded series of standards made of coloured 
glasses numbered according to their depth of colour, and an instru- 
ment for holding the glasses and the object to be measured. 

" The Standard Seizes. — Only three colour scales are necessary for 
investigation work — ^these are red, yellow, and blue ; but for some 
special purposes, such as for brewers, for the estimation of carbon 
in steel, etc., scales in other colours are found convenient. Each 
ordinary scale consists of glass slips all of one colour, but differing 
in depth, the divisions of difference being equal throughout, forming 
degrees of units similar in character to the temperature divisions 
on a thermometer scale, or to the inches on a foot-rule. 

"The colour units are not only of equal depth throughout each 
scale, but have also a colour equivalence in relation to each other ; 
that is, a given number of units in one scale have an equivalence of 
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colour value in relation to the Bame number of units in each of the 
other two scales, so that, upon combinations of equal units of any 
two, or of the three, a colour nomenclature is founded, which consists 
of eight fundamental terms — ^namely, six colour terms and two light 
terms — by means of which every possible colour can be first measured 
and then described. 

** The standard glasses, as already stated, are three : red, yellow, 
and blue, in even graduation from -006 to 20 tint units. In practical 
work -01 is found to be the lowest unit essential. Below is appended 
a table showing the graduations of units for each colour, from which 
it will be seen that there are 155 for each colour, and 465 in all for the 
three colours. Such a large number as this is rarely required, except 
for experimental or research work of considerable extent and variety. 
In the commercial applications of the tintometer, when a new use 
is suggested by a business man, the necessary investigations will be 
undertaken by Mr Lovibond or his staff, and the set supplied for 
that particular business will only include the glasses (usually very 
few) that are found necessary. If at any time additional standards 
are required they can be supplied. 
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'' These standards are converted into colour constants by their 
having been co-related to some physical colour constants, as described 
under the heading of ' Checking the Unit ' (p. 78). It is this co- 
relation to a physical constant which gives the power of defining a 
colour sensation. 

" The Origin of the Unit — This rests primarily on the power of 
selective light absorption resident in coloured glass. When due care 
is exercised in the manufacture and the grading of the glass, it is 
found possible to construct from the colours red, yellow, and blue, 
three separate scales, the divisions of which shall not only be equal 
throughout the length of each scale, but also a given number of units 
in one scale shall have an equivalence of colour relation or value with 
the same number of units in each of the other scales. 

" This equivalence of colour value is accomplished when a normal 
white light can be gradually absorbed to extinction without the 
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development of any colour by successive additions of an equal number 
of units of the red, yellow, and blue glass. The luminous intensity 
of a light so absorbed is then represented by the number of units 
required for this total absorption. The combined absorptive effect 
of these three scales is called neutral tint. Therefore the starting- 
point of the system is the neutral tint unit, which is the quantity 
of normal white Ught absorbed by one red, one yellow, and one blue 
glass standard unit combined. 

" The Orange, Green, and Violet Unit — Upon the principle of colour 
equivalence, any two of the three glass standard colours absorb all 
the colour rays of normal white light except that of the one situate 
between them in the spectrum order, in this way : — An equal number 
of red and yellow glass standard units will absorb their equivalent 
numbers of all the colour rays except that of the orange, which is the 
only colour ray they both transmit. 

"An equal number of yellow and blue standards absorb all the 
colour rays except green, which is the only colour they both transmit. 

" An equal number of blue and red standards absorb all the colour 
rays except violet^ which is the only colour they both transmit. 

"The colour transmitted by equal units of any pair of glass 
standards is called normal colour. Therefore the normal colours are 
orange, green, and violet, and a single unit of orange is the light 
transmitted by one red and one yellow standard unit. 

" A single unit of green is the light transmitted by one yellow and 
one blue standard unit. 

" A single unit of violet is the light transmitted by one red and one 
blue standard unit. 

" The Bed, Tellow, and Blue Unit — Each of the above three colours 
is the light transmitted by the corresponding coloured glass standard. 
These are called the glass standard colours. 

" We have now the means of producing any tint of the six spectrum 
colours — ^red, orange, yellow, green, blue, and violet ; also of producing 
a neutral tint of any depth, from the faintest neutral grey to black-. 

" These may be arranged and defined as follows : — 

" Neutral tint or black is the light absorbed by equal values of the 
three standard glass colours — ^red, yellow, and blue. 

" Standard dominant colours — red, yellow, and blue — are respec- 
tively the lights transmitted by the corresponding glass standard 
colour. 

" Subordinate colours — orange, green, and violet — are respectively 
the lights transmitted by equal values in the two necessary glass 
standard units. 

" As it is an experimental fact that every daylight colour sensation- 
i« thrt of one or of two of "these measurable colour rays combined in 
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definite proportion, together with the accompanying daylight which 
brings the colours within the discriminating power of the human vision, 
it follows that every daylight colour that can be matched to the vision 
by the standard glasses can be stated in the terms of colour and depth 
on the standard glasses used. 

** The Light Unit — The Composition, — The composition of the 
light unit is a mixture of the six colour rays, red, orange^ yellow, green, 
blue, and violet, and of diffused daylight in equal proportions. 

** The Scale. — ^The scale consists of the 364081 wave-lengths which 
lie between A 760400 and H 396319 of the diffraction spectrum. 

** The Unit. — ^The unit is one-hundredth part of the whole scale 
364081, and therefore contains 3640 wave-lengths. 

" Professor Rood divides the spectrum scale of 100 units into five 
colour divisions of 20 units each. 

*' Therefore each colour division contains 72812 wave-lengths.' 
„ unit „ 3640 

''The tintometrical colour scales and unit divisions are in exact 
accord with Professor Rood's divisions, the unit readings of the 
scales are co-relatable into their equivalent wave-length values ; 
the only difference being that the tintometrical scales comprise 
mixtures of red and violet which are not seen in the continuous 
spectrum. 

** The Smallest Perceptible Difference. — A single unit in the colour 
scales is divided into 100 perceptible differences in the lighter shades ; 
therefore the vision power of differentiation is limited to 36 wave- 
lengths. 

'' The Dimensions of fhe Unit — The intervals between the units, 
or main divisions of the scales, are the smallest differences between 
which the normal vision can discriminate in the deeper shades of 
glass colours ; these are subdivided into tenths as the shades get 
lighter, and ultimately into hundredths in the very light shades ; 
in fact, increasing in minuteness as the discriminating power of the 
eye increases. 

** The actual dimensions of the unit are arbitrary and of no real 
importance, so long as the divisions are equal both in dimensions and 
equivalence, and the subdivisions are sufficiently minute for the work 
required ; and in this sense the colour unit of this system is neither 
more nor less arbitrary than the inch divisions on a foot-rule or the 
mass of water chosen to represent a gramme weight, or indeed any 
other standard unit of measurement. 

" Checking the Unit — So far as we are able to judge, no arrange- 
ment of the spectrum colours of intense lights is practically applicable 
for checking the minute divisions of these glass colour scales or their 
combinations. ^ 
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'' But even without the aid of the spectrum we are not deficient in 
means of cheeking the original dimensions of the several colour units, 
as when the colour of a stable freshly-prepared chemical solution of 
known percentage has been once accurately measured and recorded, 
that record is always a witness to the validity of the unit, and any 
departure under similar conditions of examination would be evidence 
of error in the scales. 

" Also any such error could be defined and corrected by means of 
the freshly-prepared percentage chemical solution ; so that if every 
existing set of colour standards was suddenly destroyed, new scales 
exactly corresponding to the originals could be prepared from a series 
of these solutions. 

'' The Colour Nomeaclature. — ^The system of colour nomenclature is 
based on the fact that under ordinary daylight conditions the vision 
is only simultaneously sensitive to two of the six colour rays (which, 
when united, produce normal white light), the colour sensations of 
the remaining four being lost in what, for the want of a better 
expression, may be termed the luminous intensity of the accompany- 
ing daylight. , 

"These two colours are always a dominant, with one of the sub- 
ordinates adjacent to it in the solar spectrum ; the violet must be 
here considered as lying in a circle, between the red and blue. 

" Orange must be in combination with either red or yellow, con- 
stituting in their various proportions all the red orange and all the 
yellow orange colours. 

"Green must be in combination with either yellow or blue, con- 
stituting in their various proportions all the yellow green and all the 
blue green colours. 

" Violet must be in combination with either blue or red, constitut- 
ing in their various proportions all the blue violet and all the red 
violet colours. 

" The complete list of colour terms in this system, apart from the 
term light and neutral tint, are as follows : — 
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Mixed Colours. 


Red 




Red Orange 


Orange 




Yellow ,, 
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Yellow Green 


Green 




Blue „ 


Blue 




Blue Violet 


Violet 




Red 
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Black ^ ^^ 
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" There are only six possible colour combinations ; the con- 
stituents are, however, distinguishable in any proportion. The 
combinations are : — 



Red with Orange 
Red „ Violet 



Yellow with Orange 
Yellow „ Green 



Blue with Green 
Blue „ Violet 




Fia. 29. — ^Tintometer, monocular form. 



'' Some colours, such as certain aniline dyes and a few na^tural 
colours, are brighter than standards. Before such colours can be 

measured, they must be dulled to the 
measuring point by the interposi- 
tion of neutral-tint glasses. . The 
unit value of these is added to* the 
colour measurements as light units, 
and forms part of the measurement, 
as in the case of the physical colour-constant potassium permanganate. 

** CJolours less bright than standards require three glasses to measure 
them ; the least in value of these is a register of the white light 
absorbed, and forms part of the equation as black units, as in the 
case of the physicft-l colour-constant cobalt sulphate. 

** The names of the colour and light factors in the second half 
of the equatioi;i are the nomenclature by which that particular 
sensation is known. 

'' The Instrument, which 
is illustrated by fig. 29, con- 
sists essentially of a double 
tube, ending in an eye-piece 
at one end, and in equal 
apertures for viewing the 
colour to be measured, and 
the glasses used as measures, 
at the other end. 

**Fig. 29 iUustrates the 
monocular form, now only 
used for cells of greater 
depth than 2 inches ; for 

general work an improved form is now preferable. Tliis may be used 
either as a monocular or as a binocular, and is illustrated in fig. 30. 

" Fig. 30 shows the arrangement for measuring colour in opaque 
objects. The optical instrument, B, fits into the shoe of A, the bottom 
of which is commanded by both tubes of one instrument. Under one 
side at P is placed the opaque substance to be measured, and under 
the other the standard white, for reflecting the beam of white light, 
which is then dissected at J by the suitable standard glasses, as 
already described for transparent colours. 




Fig. 30. — ^Tintometer for opaque objects. 
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" Fig. 31 represents the instrument as arranged on the cover of the 
box, for measuring colour in liquids up to 2 inches in thickness. The 
iDstrument, E, slides into the upright stand, D, which fits into the two 
halves of the cover of the box, B^ B*, these being retained in position 

by the springs, C^ C*. If the 
light is obtained from a high 
window, the reflector, H, 
must be fitted into the cover, 
B, and the box placed so 
that both the openings are 
equally illuminated on look- 
ing through the eye-piece, G. 
If the light is obtained from 
a low window, the reflector, 
H, is not required, but in- 
stead, place a piece of white 
tissue paper smoothly on the window, and then place the box in such 
a position that the two openings are equally illuminated on looking 
through the eye-piece, G. 

** A separate stand is required for cells which are longer than 2 
inches. The method of arrangement is shown in fig. 32, where one 




Fio. 31. 



-Tintometer arrangement for dark- 
coloured oils. 




C3i< 



Fig. 32. — Monocular instrument, with long gauged trough and white reflector. 
For water and similar pale liquids. (Kerosene and paraffin wax.) 



end of the cell rests on the stand. A, which also carries the optical 
instrument, B, whilst the other is supported by a separate stand, F, 
which can be moved to accommodate a tube of any length. The 
reflector, D, is supported on a separate stand. 

ft 
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** The instrument, in all its forms, is of extreme simplicity, a quality 
only arrived at after the careful testing of (literally) many hundreds 
of variations and suggestions made by interested workers and others, 
with a view to rendering the instrument more universally useful. 

'' Instnictions for mdnK fhe Instniment. — The instrument must 
be placed facing the light ; any ordinary daylight will do, but a 
north light is preferable. Direct sunlight must not be used. Then 
adjust the instrument so that equal quantities of light pass up each 
tube. This is effected by placing a piece of paper, or some evenly- 
covered surface, or preferably a slip of mirror-glass, under both 
tubes, and slightly turning the instrument towards the light, until 
both fields of view are evenly illuminated. When this is effected 

either side can be used for 
^ the standard white without 

affecting the measurement. 
" The coloured light from 
the object to be measured 
is transmitted through one 
tube, and the light from a 
standard white through the 
other; this standard white 
light is then intercepted by 
the graded coloured glasses 
until it corresponds in 
colour with the object to 
be measured, whei^ the 
numerical colour value of 
the glasses used can be 
read off. 

*'The standard white is pure precipitated lime sulphate, pressed 
evenly into a tray. In order to ensure uniformity of pressure, 
the above apparatus is designed for pressing two volumes into one. 

'* A represents two pieces of glass, one larger than the other, 
cemented together, the smaller piece jilst fitting into B, which is a 
rectangular frame ^th of an inch deep ; this fits to a tray, C, also 
/ftth of an inch deep. These are fitted together, then filled with the 
standard white, and struck evenly off ; the powder is pressed lightly 
down with the small side of the glass presser in order to remove the 
frame, B, more easily from the tray, C. The broad side of the presser 
is used to compress the powder even with the sides of the tray. The 
whole arrangement is shown in section at D. 

" If the substance is a yarn, it should be wound evenly on a flat 
block ; if cloth or paper, pinned evenly to a block ; if in^ powder, 
pressed evenly into one of the special trays. 




Fio. 33. — ^Tintometer — ^powder tray. 
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** When a liquid has to be measured it should be poured into one 
of the gauged cells, or the capillary film apparatus filled with it. 

'' Analysis of coloiirs— Methods of proc^ore and arrangement of 
the instroment— Formnlating the results.— When the analysis of any 
colour is required, the following simple preparations and precautions 
should be observed : — 

" The best way to work is in a room illuminated by north light, 
and should there be surrounding objects, such as trees, houses, etc., 
which obstruct in any ^vay the light, it is advisable to utilise pure 
white tissue paper pasted by the four corners over the whole of 
that part of the window which illuminates our standard surface. 

"Having thus obtained an even, colourless illumination, it is 




Fig. 34. — Tintometer — instrument, stand, colour glasses, ceUs, etc. 



necessary to so arrange the white surface that it is uniformly lighted, 
that is, that one side is not brighter than the other ; this will not be 
found difficult if the white reflector is placed at an angle with the 
windows and the tintometer is arranged about the same angle with 
the standard surface, and then the latter shifted till the rectangular 
openings are seen to be equal in illumination. 

"The adaptabiUty of the eye to perceive variations in colour 
varies considerably with time of observation. It is imperative, 
therefore, to limit the observation to a fixed time, for which five 
seconds will be found convenient. 

" The above directions should be carefully read and implicitly 
followed, and then accurate readings will be obtained. 

" In the following examples of colour analyses, those which are 
sufficiently stable for physical colour constants are marked as having 
been co-related to the corresponding unit values in the table of 
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standard glasses (p. 76), and are therefore available for checking the 
Validity of the unit divisions of the standard glasses. 

''EXAMPLES OF COLOUR ANALYSES. 
Distilled Water (Physical Colour Constant). 

Standard glasses Colour sensation 

used. ' transmitted. 

Red. Yellow. Blue. Green. Blue. 

2 feet must be matched by .. 19 + -34 = -19 + -15 

4 „ „ „ .. 10 + 1-45 = 1*0 + -45 

Tannin Extract — 50 per cent. Solution. 

Red. Yellow. Blue, Black. Orange. Yellow, 

In 1-cm. Stratum 3-2 + 15-2 + -32 = -32 + 2-88 + 11-0 

- Glycerine. 

Red. Yellow. Orange. Yellow. 

In 5-inch stratum . . 0-20 + 0-32 = 0-20 + 0^2 

Cotton Seed Oil (Perine Summer Yellow). 

Red. Yellow. Orange. Yellow, 

In 5i-inch Stratum . . 71 + 35-0 = 7-1 + 27-9 '* 

For a complete study of this subject reference should be made 
to Mr Lovibond's latest book.^ 

The quality of the kerosene produced is an important considera- 
tion, and, besides the determination of specific gravity, flashing- 
point, and colour in the manner already explained, it is usually 
necessary to assess the value of the oil as an illuminant, its rate 
of consumption, whether it '* smokes *' or not when burned in an 
ordinary lamp, and whether it deposits a " film " on the glass 
chimney of the lamp. 

In Sir Boverton Redwood's Treatise on Petroleum^ vol. ii., 1913, 
will be found descriptions of several methods of determining the 
illuminating power of kerosenes. The only practical method, how- 
ever, is to burn the oil in the lamps sold in the market in which the 
kerosene is to be placed and to compare its behaviour through a 
six hours' test with oils competing in the same market. The con- 
sumption may be checked by weighing the lamps before and after 
the test. 

" Filming,-' a white deposit which forms on the glass chimney, 
is found when kerosene containing appreciable quantities of sulphur 

* Light and Colour Theories, J. W. Lovibond (E. & F. N. Spon, Ltd.), 1915. 
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compounds is burned. Results of experiments have shown a marked 
reduction in this defect by the removal of all but traces of the sul- 
phurous bodies. When certain oils are burned they are very easily 
affected by slight irregularities in the supply of air, and '* smoking " 
of chimneys, even when the flame is maintained at normal height, 
results. 

Dr Edeleanu, the eminent Roumanian chemist, found that this 
"smokiness " could be removed from kerosene by treating it with 
sulphurous dioxide, and perfected a process and plant with that object 
in view. Installations erected at Rouen and.Ploesti were success- 
fully worked on the manufacturing scale, which will be described 
later. This treatment also reduces sulphur-containing bodies to the 
minimum ; consequently, the process is beneficial for oils suffering 
from the two defects mentioned above.. 

The. TestlBg of Pitch ^ involves a considerable amount of work, 
as will be seen from the following section" 

The Testing of Pitch or Asphalt— In testing a sample of asphalt 
the following points are usually noted : — 

(1) Spfecific gravity at 25° C. 

(2) Appearance — 

(a) Colour. 
(6) Fracture, 
(c) Hardness. 
{d) Odour. 

(3) Softening point. 

(4) Flow point. 
(6) Ductility. 

(6) Penetration. 

(7) Loss on heating. 

(8) Penetration after heating. 

(9) Bitumen soluble in carbon bisulphide. 

(10) Malthenes= bitumen soluble in petroleum spirit. 

(11) Carbenes =bitumen soluble in carbon tetrachloride. 

(12) Fixed carbon. 

(13) Ash. 

SPECIFIG ORAVITT. 

The specific gravity of asphalt is taken at a standard temperature 
of 25° C. This temperature has been chosen as a more convenient 
working temperature for average conditions than 15° C. 

The method of determination is as follows : — (Toooie 

A |-inch test-tube is taken and cut off about 2 iiScliea^ from tne 

* The Modern Asphalt Pavement, ClifTord Richardson. 



86 PETROLEUM REFIT^INO. 

bottom, the edge is then flared out so that it can be suspended for 
weighing purposes by a fine wire. 

This tube is then weighed in air and in water at 25° C. 

About 10 grammes of the asphalt to be tested are poured in the 
molten state into the tube, which is then suspended in an oven at 
a temperature just sufficient to keep the asphalt molten. 

This serves to drive off any moisture or contained air-bubbles. 

The sample is then cooled and weighed accurately both in air and 
water at 25° C. 

Taking 

Weight of tube in air =a 

,, . ,, and sample in air =6 

,, ,, in water =c 

,, . ,, * and sample in water =d 

then — 

^^-^^^^=8pecific gravity. 

Softening and Flowing Points. — Horuogeneous mixtures of several 
non-crystalline hydrocarbons, such as asphalts, can have no definite 
melting-point. , 

It is therefore necessary to determine the points at which they 
lose form, or the softening point, and the point at which they flow. 

The methods employed are quite arbitrary, and the results obtained 
vary slightly with these methods. 

(1) A glass crystallising dish, 2 inches to 2| inches diameter and 1| 
inches deep, is filled with mercury to within Jths of its capacity and 
placed on a wire gauze over a small flame well protected from draughts. 

The specimen to be tested is placed on a No. 2 microscope covering 
glass floated on the mercury. 

In the case of a hard asphalt several meal-like grains are placed 
on the slide, and in the case of a soft asphalt it is drawn out to about 
1 mm. thickness and then several 1-mm. lengths cut off and placed 
on the glass. The dish is now covered with an inverted funnel with 
a stem of sufficiently large diameter to allow a thermometer to be 
passed through, which is held in position by a clamp. 

The flame is regulated so that the rate of heating is from 3° to 
5° per minute. 

The point at which the grains begin to lose form is taken as the 
" softening " point, and that at which they flow and form a sheet on 
the glass is taken as the ** flow " point. 

(2) Cover the bulb of a thermometer with the asphalt to be tested, 
immerse in a beaker of water, and heat gradually with constant 
stirrings. 
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The temperature at which the asphalt begins to lose form is the 
** softening " point, and that at which it begins to flow up the ther- 
mometer is the " flow " point. 

(3) Kovac's MefhocL — ^This method is very easy to work and gives 
very concordant results. The apparatus (fig. 35) consists of a copper 




Fig. 35. — ^Apparatus for Kovao's method. 

or brass plate ( inch thick, 3| inches diameter, fitted with four cups 
and a thermometer hole, supported on three legs 2| inches high. 
These cups have the following dimensions, with an aperture at 
the bottom : — cups, inner diameter, J inch ; height, | inch ; aperture, 
^ inch. The cups are filled with the asphalt to be tested, the 
thermometer fitted in the hole provided and placed in a beaker 
6 inches high by 3J inches diameter, which is in turn placed in 
another beaker, 4^ inches diaifteter, containing rape oil or glycerine, 
and the whole covered by an asbestos pad. 
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The apparatus is now slowly heated, and the temperature at which 
the asphalt just shows at the bottom of the cups is taken as the 
" softening " point, while that at which the first drop falls is taken as 
the " flow " point. 

Dactility. — ^The ductility of an asphalt is a very Important pro- 
perty, owing to it having a great bearing on the binding power. It 
is affected to a large extent by the presence of free carbon, which 
lowers it according to the amount present. Generally speaking, the 
greater the ductility of an asphalt after fluxing to a standard hardness 
the better the quality. 

To estimate the ductility of an asphalt a definite hardness is taken 
as the standard for all tests, and asphalts which have a higher degree 
of hardness than this standard are reduced to it by fluxing with a 
heavy residuum oil. The United States standard of hardness is such 
that when the asphalt is tested with a Dow. penetration apparatus 
it shall give a penetration of 50° at 77° F., using a No. 2 needle with 
a total weight of 100 grammes acting for 6 seconds. The sample 
after fluxing to the required hardness is moulded into a standard 
size block in a special mould, of which part acts as a holder during the 
test. The test is carried out in Smith's ductility apparatus, which is 
designed for elongating this block at a definite rate (5 cm. per minute) 
under water at 77° F. (fig. 36). By drawing out under water in this 
way the thread of asphalt is supported during the test and does not 
sag and cling to the base of the apparatus. 

The elongation is continued until the thread of asphalt breaks 
or to a maximum of 100 cm. 

The apparatus is very easy to work, the rate of drawing out being 
regulated by the beats of a metronome. 

Penetration. — ^The {)enetration of an asphalt is a measure of its 
softness. It is estimated by allowing a standard needle carrying a 
definite weight to act for a definite time on a sample kept at a certain 
standard temperature. 

The standard needle is a No. 2 sharps, and the usual conditions of 
time, temperature, and acting weights employed are as follows : — 

(1) At 32° F. with 200 grammes total weight acting for 1 minute. 

(2) At 77° F. „ 100 „ „ „ ,,5 seconds. 

(3) At 100° F. „ 50 „ „ „ „ 5 ,, . 

By carrying out these tests under the above varying conditions 
very useful information is obtained as to the behaviour of asphalt 
with change of temperature. For general purposes, however, the test 
No. (2) is usually sufficient. 

The tests are carried out using a specially designed apparatus 
(fig. 37), that of Mr A. W. Dow being the best known and accepted 
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as a standard. According to him the method of procedure is as 
follows : — 

" The apparatus consists of a No. 2 needle, A, inserted in a short 
brass rod which is held in the aluminium rod, C, by the binding screw, 
B. The aluminium rod is secured in a framework so weighted and 



H. r — •-^ J 


M 


L ' 


'1 

E F 


.A 


- 




f 


c/-'' 






wh 


mmmn 


m 



A = Frame. 
BB=Moaldforpitoh. 
C^Hoolffi. 
D= Cradle. 
I and F =3 Screwed rods. 
GBCrofispiece. 
H= Operating wheel. 
K=Clap hammer. 
L = Gauge «:radnat«d in centimetres. 






Fig. 36. — Ductilometer (Smith's). 



balanced that when it is supported on the point of the needle, A, the 
framework and rod will stand in an upright position, allowing the 
needle to penetrate perpendicularly without the aid of a support, 
thus doing away with any friction. 

" The frame, aluminium rod, and needle weigh 100 grammes with 
the weight on bottom of frame ; without weight, 50 grammes. Thus, 
when the point of the needle rests on the surface of the sample 
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of material to be tested as to the penetration, it will penetrate 
into the sample under a weight of 100 grammes or 50 grammes 
as desired. 

'* The needle and weighted frame are shown in fig. 37, side and 
front views of the entire apparatus put together and ready for making 
a penetration. D is the shelf for the sample, E is the clamp to hold 
the aluminium rod until it is desired to make a test, F is a button 
which when pressed opens a clamp, E. By turning this button while 
the clamp is being held open it will lock and keep the clamp from 
closing until unlocked. The device to measure the distance penetrated 
by the needle consists of a rack, the foot of which is G. The move- 
ment of this rack up or down turns a pinion to which is attached the 
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Fig. 37. — Dow penetration machine. 

hand which indicates on dial, H, the distance moved by the rack. 
One division of the dial corresponds to a movement of the rack of 
xhi cm. The rack can be raised or lowered by moving counter- 
weight, J, up or down. L is a tin box containing sample to be tested, 
which is covered with water in the glass cup, thus keeping its tempera- 
ture constant. M M are levelling screws. A clock movement having 
a 10-inch pendulum is attached to the wall to one side of the machine. 
Make a mark, P, on the wall just at the extremity of the swing of the 
pendulum ; a double swing of this pendulum, that is from the time it 
leaves P until it returns, is one second. 

** The only other things necessary to complete the outfit are a 
large dish-pan, a pitcher to hold ice-water, and a tin for hot water ; 
a coffee-pot is a good thing. 



To make penetration tests, place the matefiafs^^contaiife'd m 
circular tins, along with the glass dish, under 5 or 6 inches of 
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-water in the dish -pan, which should have been previously brought to 
a temperature of 77° F. by the addition of hot water or cold water. 

" While the samples are under the water it should be stirred every 
few minutes, with the thermometer and the temperature kept con- 
stant at 77° F. by the addition of hot or cold water as the case may 
require. The samples should remain under the water for at least 
fifteen minutes, and in cases where they are very cold or hot, at least 
one half -hour. The most expeditious way to proceed in testing a 
sample just taken from a still or tank is to immerse it in ice -water as 
soon as it has hardened sufficiently and keep it there for ten minutes, 
then in the water at 77° F. and keep it there for fifteen minutes. When 
the sample has remained in the water for the specified time it is ready 
to penetrate. 

" The aluminium rod, C, should be pressed up through the clamp, 
E, so that it will be at such a height that the glass cup will easily pass 
under it when placed on shelf, D. 

" A sample tin box should now be placed in the glass cup and 
removed in it covered with as much water as convenient without 
spilling. 

" The glass cup containing sample is placed on shelf, D, under C. 
Insert brass rod with needle-into C, and secure by tightening binding 
screw, B ; lower C until the point of the needle very nearly touches 
surface of sample ; then, by grasping the frame with two hands, 
cautiously pull down until needle is just in contact with surface of 
sample. 

" This can best be seen by having a light so situated that, looking 
through the sides of the glass cup, the needle will be reflected in the 
surface of the sample. After thus setting the needle, raise counter- 
weight, J, slowly until the foot of the rack, G, rests on the head of rod, 
C ; note reading of dial, and press button, F, thus opening the clamp. 

" Hold open for five seconds, and then allow it to close. The 
difference between the former reading of the dial and the present is 
the distance penetrated by the needle, or the penetration of the 
sample. Raise rack, loosen binding screw, B, raise rod through 
clamp, leaving the needle sticking in sample. Remove needle from 
sample, clean well by passing through a drj'' cloth, replace needle in 
C, and the machine is ready for another test. 

" Do not clean needle on oily cloth or waste. 

" Do not allow rack to descend too rapidly on rod, C, as it may 
force C through the clamp, thus spoiling the reading. 

" After using the machine, leave it so that the top of the rack is 
just level with its base. You will thus prevent dust from entering 
and getting into pinion. When not in use keep machine covered 
with a cloth to protect from dust. 
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" Examine point of needle from time to time with magnifying- 
glass to see that it is not injured in any way. 

** If the needle is found defective, remove by heating the brass 
rod, when the needle can be withdrawn with pincers. Break eye 
from one of the extra needles and press into brass rod previously 
heated. 

" If needle does not stay in well, insert it with small lump of 
asphalt. 

** If when this framework is supported on the point of the needle 
it does not balance so that the aluminium rod, C, stands perfectly- 
perpendicular, the frame is bent, and should be straightened until 
the rod stands perpendicular. This can easily be done by hand. 

** If rack, G, does not descend readily of its own weight when 
counterweight, J, is raised, it is likely that dust has got into the 
pinion. To get at the pinion to clean, remove dial, H, and bearing, 
when pinion can be pulled out sufficiently far to clean. 

" Never oil rack and pinion, as it prevents a free movement 
of rack." 

Loss on Heating. — ^This is determined by heating 20 grammes of 
the pitch for five hours at 325° F. in a crystallising dish 2^ inches 
diameter by 1t^ inches high, or in a 3-oz. seamless sample tin as used 
in penetration test. 

The exact dimensions mentioned above need not be strictly 
adhered to, provided they are approximately correct. 

Of much greater importance is the maintenance of the correct 
temperature in the oven, and this point should be carefully watched. 

Care also must be taken that the sample box, or dish, does not 
rest directly on the metal shelf of the oven ; it should be rested on a 
pad of asbestos. 

The loss on heating should not be so high as to materially affect 
the penetration of the sample before and after heating. 

DETERMINATION OF BITUKEN CONTENT. 

(a) Total bitumen. 

(6) Malthenes or naphtha soluble bitumen. 

(c) Carbenes. 

The method of the determination of these constituents is the same 
in each case. 

The total bitumen is estimated by the solubiUty of the asphalt in 
carbon bisulphide, the malthenes by solubility in petroleum spirit of 
a definite specific gravity, and the carbenes by solubilit^^in carbon 
tetrachloride . ^'^'^'^"^ by L^O ^ 

The determination is carried out as follows : — 
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One gramme of finely divided asphalt, which should be powdered 
if possible, is placed in a 200-c.c. Erlenmeyer flask, and covered with 
100 c.c. of the solvent to be used. The flask is now corked up and 
allowed to stand overnight. In the meantime the filtering crucible 
has been prepared. This crucible is of the Gooch pattern, but of 
special form, with a large filtering area, the size being as follows : — 

Diameter at top, 4-4 cm., at bottom, 3*6 cm. ; depth, 2*6 cm. 
The bottom is covered with a pad of ignited asbestos for filtering 
purposes, and the whole weighed after ignition. The crucible is now 
fitted into a filtering flask, and the supernatant Uquid poured through, 
using at the same time a gentle suction. More of the solvent is added 
to the residue in the flask, and this again decanted through the filter, 
the operations being continued until the solvent used is clear. Any 
residue remaining in the flask is now washed into the filter, well washed 
with the solvent, and then the filter and residue are dried at 100° C. 

The difference between increased weight in crucible and original 
amount of asphalt taken equals bitumen soluble in solvent taken. 

The solvent is now evaporated from the dissolved bitumen, which 
is then ignited, and the weight of any mineral residue found is deducted 
from the loss of weight originally obtained. 

In a good asphalt the bitumen soluble in carbon bisulphide and 
carbon tetrachloride approximate very closely, but in the case of a 
badly prepared asphalt, where there has been inefficient distillation, 
the carbenes are much lowered. The naphtha soluble bitumen is 
quite an arbitrary quantity. It varies to a large extent with the 
petroleum spirit employed, the spirits of higher boiUng-point being 
better solvents than those of lower boiUng-points. 

The solubility also varies with spirits of different origin even of 
the same boiling-points. 

In the United States this determination is carried out using spirit 
of 88° Baum6 (specific gravity -642) or 62° Baum6 (specific gravity 
•729). In a temperate climate it is not very easy to work with a 
spirit of specific gravity -642, but in a tropical climate it would be 
impossible ; for this purpose, therefore, the spirit of specific gravity 
•729 is necessary, and this will only give concordant results when the 
composition is kept constant. 

In any case the results are only comparative. 

lEineral Matter or Ash. — This is determined by weighing out 
1 gramme of the asphalt in a No. porcelain crucible or a platinum 
crucible, and igniting until the residue is free fiom carbonaceous 
matter. This determination is not quite exact, as sulphuric acid or 
alkalis may be volatilised, but is sufficiently accurate fpi* technical 
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purposes. 

Fixed Carbon. — ^The fixed carbon content is determined according 
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to the method adopted by the Committee on ** Coal Analysis " of the 
American Chemical Society. 

It was published in the Journal of this Society, 1899, xxi. 1116. 
One gramme of the sample to be tested is weighed into a platinum 
crucible weighing 20-30 grammes, provided with a tightly-fitting cover. 

Heat over the full flame of a Bunsen burner for seven minutes. 

The crucible should be supported on a platinum triangle with the 
bottom 6-8 cm. above the top of a ^-inch burner, the flame of which 
when burning free should be fully 20 cm. high, and the determination 
should be carried out in a room free from draughts. The upper surface 
of the cover of the crucible should burn clear, but the under surface 
should remain covered with carbon. 

The residue, minus the ash in the bitumen, is the fixed carbon, 
and is calculated to 100 per cent, with the volatile hydrocarbons, 
excluding inorganic matter. 

REPORT ON SABIPLE OF PITCH OR ASPHALT. 

Specific Gravity at 25° C. 
Appearance — 

(a) Colour. 

(6) Fracture. 

(c) Hardness. 

(d) Odour. 
Softening Point. 
Flow Point. 

Ductility (fluxed to 60° ; penetration at 77° F.) at 77° F. 
Penetration — 

(a) At 32° F., No. 2 needle, with 200 grammes total 

weight, 1 minute. 
(6) At 77° F., No. 2 needle, with 100 grammes total 

weight, 6 seconds, 
(c) At 100° F., No. 2 needle, with 50 grammes total 
weight, 5 seconds. 
Loss ON Heating (dry substance) — 5 hours at 325° F. 
Penetration after Heating — 

(a) At 32° F., No. 2 needle, with 200 grammes total 

weight, 1 minute. 

(b) At 77° F., No. 2 needle, with 100 grammes total 

weight, 5 seconds. 

(c) At 100° F., No. 2 needle, with 60 grammes total 

weight, 6 seconds. 
Total Bitumen soluble in carbon bisulphide, air temperature, 
mineral ash. 
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Malthenes. — Bitumen soluble in naphtha, specific gravity -729. 

This is per cent, of total bitumen. 
Carbenes. — Bitumen soluble in carbon tetrachloride. 
Fixed Carbon. — Bitumen yields on ignition. 
Mineral Ash. — Bitumen yields on ignition. 
Volatile Hydrocarbons. — By diflEerence. 



CoJlGlllsiOiL — ^Tne foregoing pages have suggested the variety of 
crude oil refining possibilities contingent on the quality of the crude 
oil and the exigencies of the market, and have described methods 
and instruments customarily employed for that detailed analytical 
examination of the crude to be dealt Mdth, which must be the pre- 
liminary step to any decision as to the nature and scope of refining 
operations to be embarked on, on a commercial scale. The data 
thus secured, considered in the light of marketing conditions, will 
enable that decision to be wisely made. 

Diagram 2 illustrates a form of report from which results may be 
seen at a glance, and Diagram 3 the '' flow " of the oil through a 
complete plant. 

The quantities to be dealt with will be approidmated very closely 
from the percentages shown on Diagram 2, and the necessary plant 
specified to suit eacli stage of the process. 

In the actual operation of refining it is imperative that crude oil 
supplies should be examined periodically, and the results compared 
with that obtained from the large quantities. Whether a full or only 
partial examination is necessary will depend on the variation in the 
composition of the material. 

The next step is the selection of plant to carry out the process 
decided upon, and also of a site on which to lay it out. This must 
be considered in conjunction with suitabiUty of the land for building, 
facilities for transport, possible water supply, and drainage outlet. 

Full refining operations may be divided into and considered under 
the following headings : — 

1. Departments general to the whole estabhshment (Chapter II.). 

2. Storage of crude oil and products (Chapter III.). 

3. Distillations (Chapter IV.). 

4. Paraffin extraction and reftning (Chapter V.). 

5. Candle manufacture (Chapter VI.). 

6. Chemical treatments (Chapter VII.). 

7. Distribution of products (Chapter VIII.). 

8. Engineering specifications (Chapter IX.). 
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CHAPTER II. 

DEPARTMENTS GENERAL TO THE WHOLE REFINERY 
ESTABUSHMENT. 

It is well that these should be considered at the outset, so that pro- 
spective refiners of petroleum may realise what are necessary for the 
formation of a complete refinery. The designer Vill, of course, 
determine the dimensions of each section to suit the quantity of 
crude oil to be dealt with. It is assumed that a site has been selected 
with good facilities for sea, railway, and road transport ; that the 
ground is suitable for building, without undue expense in foundation 
work ; that ample water is available, and no difficulties exist regard- 
ing drainage outlet. Wherever a refinery is erected the rules laid 
down by (Government or local authorities must be adhered to. Strict 
conformity thereto in the beginning may prevent trouble and expense 
later on. 

Whether coal, gas, or oil is to be employed as fuel must be decided 
before operations can go very far, as each requires special arrange- 
ments for consumption. If the refinery is situated near the oil-fields, 
oil will be selected, or, possibly, natural gas ; but if overseas, whether 
oil, coal, or producer gas is selected is a matter to be settled by 
experienced engineers, and is simply a question of cost. 

Offices and Laboratory. — Fig. 38 shows a very convenient plan 
of an office arranged to the best advantage for centralisation of control 
of all departments. The laboratory is intended for routine testing 
and examination of crude materials,* products, stores, etc., and not 
for scientific research, which, in the writer's opinion, is best con- 
ducted away from the works influence. It wiU be seen that all 
departments are provided for in the arrangement drawn, and all 
should be connected to the various sections of the refining plant 
through a telephone exchange. 

Workshops and Stores Department — The design and equipment 
of these will depend on the situation of the refinery. If in a position 
where supplies are difficult to obtain and no facilities for repair work 
exist, it will be necessary to instal these departments sufficiently 

97 7 



98 PETEOLEUM REFINING. - 

large to cope with all the requirements of the plant for both repairs 
and stores. It need scarcely be said that all workshop appliances 
must be of the latest labour-saving designs, and the stores arranged 
on the best lines for the issue of demands with a minimum of labour. 
The office work must necessarily be superintended by a man having 
experience in time-keeping, pay, costs, general accounting, and cor- 
respondence. The preparation of a good cost system is imperative 
for each section of the process, the whole being embodied in a 
summary, and will best be undertaken by an experienced accountant 
acquainted thoroughly with the process of manufacture. 

Electric lighting. — The plant should be well lit throughout by 
the most economical lamps, arranged, to the best advantage having 
regard to the position of the various departments, tail-houses, 
worm ends, paraffin extraction sheds, and refining plant, in fact, 
in every place where work is carried on at night time. Electric 
hand-lamps should be used when it is necessary to work in positions 
at some distance from the light or in the shadoAv — ^tank dipping, 
for instance. 

Steam Supply. — A large amount of steam is required for the 
distillation of petroleum, and may be supplied from a central battiery 
of boilers or from smaller units attached to each section of the plant. 
The former is the better arrangement, and where a large and complete 
refinery is being laid out, may be placed in an advantageous position. 
In some refineries, built originally on a small scale and extended 
to a large capacity during a period of years, the latter was found 
the only convenient means of steam distribution. The Lancashire 
type of steam boiler has been largely employed in refinery practice, 
but many other types are equally efficient and in some cases more 
cheaply and quickly erected. The selection of the type most 
suitable may well be left to the experts responsible for the design 
of the plant. If oil is to be used as fuel, the steam supply will be 
largely increased, over the amount required^ for distillation, if the 
oil is atomised in a " burner " or injector by steam pressure on 
entering by the furnace of either steam boiler or still. There are 
several types of oil burners, and full particulars of these will be 
found in numerous books of reference on the subject of liquid fuel 
(see Appendix). 

The chief systems are oil forced through^the ** burner*** by (1) 
pressure, the construction of the burner atomising oil ; (2) by atomising 
the oil passing through the burner with a current of compressed air ; 
and (3) employing steam in place of air. Because of the greater 
ease with which the latter may be worked by firemen it is the system 
almost universally used in refineries where oil is burned as fuel. 

Power. — In the modern refinery steam engines for pumping 
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and maohinery (paraffin eictraction, treatments, etc.) have been 
displaced by electrical power generated in a central station. 

Traction and Roads. — If coal is to be used as fuel, railways must 
be laid for carrying it to the various points of consumption and 
arrangements made for the disposal of ashes. A locomotive (steam, 
oil-fired) may be found the'most suitable means of traction in this case. 

Roads must be made for communication between the various 
sections of the plant. It wiD be obvious, therefore, that in designing 
a refinery for the process of the full refining of petroleum, \he layout 
of roads and railways wiU entail careful consideration in conjunction 
with local conditions, which wiU determine the class of work to be 
undertaken in this connection. 

Water Supply and Drainage. — ^These may be considered con- 
jointly. Water is required for steam raising, condensation, and 
chemical treatments, as well as a supply of potable water for the use 
of workmen. 

It is best to employ fresh water for condensation, although 
brackish or even salt, water has been and is employed for this purpose. 
In some cases, where the water contains large quantities of matter 
in suspension, settling ponds are employed in which the water is 
allowed to repose until the silt subsides. The cleaning of the ponds 
recurs periodically, and adds to the expense of the installation. 

Fresh water reduces to a minimum the repairs to plant neces- 
sitated by the corrosive action of brackish or salt water. 

For steam and chemical treatments, good fresh water is necessary. 
The situation of the refinery may be such that a reservoir to contain 
several months' supply will be necessary. This is the case in tropical 
countries, where the dry season is prolonged, the only fresh water 
available being rain which falls during certain periods of the year. 
However, the situation may be more favourable, and fresh water 
from a stream, existing water supply, or from artesian weUs is 
perhaps available.^ 

After the water has performed its duty as a condensing agent, 
it is considerably higher in temperature, and whether it is allowed 
to pass away as drainage or be cooled and returned to the reservoir 
will depend on the supply available and its cost. In any case, traces 
of oil will be found to contaminate it, and the water returning from 
each section of the plant must pass through a separator, designed to 
recover any oil, before passing into the main drain, which should also 
be provided with an efficient separator at a point just before the water 
enters the reservoir. Fig. 39 illustrates a large separator, and the 
same design may be reduced to suit each section. ^. .^.^^^ ^ GoOqIc 

' Dr P, F. Frcuikland's article on ** Water" in Thorpe's Dictionary of Applied 
Chemistry, 1913. 
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The quantity of condenfiing 
water for the whole refinery will 
be arrived at by calculating the 
amount required for thd indi- 
vidual units. 

Condensed steam separated 
from the distillates, at the tail- 
houses or worm ends, will return 
along with the condensing water. 

Water employed for chemical 
treatments wUl be contaminated 
with salts removed from the oils, 
and after separation of any oil car- 
ried off will not return to the reser- 
voir but pass away as drainage. 

The disposal of tar precipi- 
tated from the oil by the sul- 
phuric acid ^treatment requires 
consideration. The practice in 
Scotch refineries is to wash the 
free acid from the tar by steam- 
ing and use it as fuel. The ao^d 
washings will be neutralised with 
the excess ^oda water from the 
chemical treatments before dis- 
charge into the effluent. 

Consideration of these points 
will show that it is necessary to 
consider, as already said, the 
questions of condensing water 
and drainage conjointly. 

Drains are built of brick^ or 
concrete, faced with cement and 
laid at proper level throughout. 
The overflow from the different 
sections should pass through a 
fire-trap (fig. 40) before joining 
the main drain. The object of 
this is to prevent, in event of fire, 
the burning oil flowing into the 
main drain. Fire-traps inter- 
posed at various points through- 
out the whole drainage system 
will prevent this. 
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If the return condensing water must' bd cObied,' the drains are 
built wide* and shallow to allow of evaporation, and it may even be 
imperative to introduce a cooling tower into the system. /^ . . 

Fire Precautions and Appliances.7-The best precaution to take 
against fire is to construct the refinery on sound engineering prin- 
ciples, allowing nothing flimsy in the construction. The departments 
dealing with low-flashing fractions must be isolated, and that in which 
petrol is dealt with conducted as if it was an explosive factory. 



— 5^:ESh 




Fire-trap made up of pipes, with blank flanges for cleaning. 




/ICocAf. 



Fire-trap, with cover for cleaning. 
Fig. 40. 



Smoking or naked lights are not permissible in any part of the 
refinery except in the rooms specially reserved for the purpose. It 
is best to arrange buildings at reasonable distances apart, to prevent, 
as far as possible, fire occurring in one department spreading to 
another. 

Several tons of sand kept convenient to all stills and here and 
there over still benches in small quantities in buckets is a wise arrange- 
ment. Fires occurring in stills are mostly those caused through the 
breaking of a joint, and a few handfuls of sand thrown at the moment 
of outbreak may prevent it growing to larger dimensions. 

Water hydrants must be connected, at numerous and convenient 
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points throughout the whole refinery, to the water service, and hose 
and nozzles kept in boxes close by. These must be constantly 
tested and maintained at full efficiency. Water is of no use in 
extinguishing burning oil in large quantities, but many a fire taking 
place at a still manhole or other joint has been wiped out by a well- 
directed stream from a fire nozzle at 50 to 60 lbs. pressure per square 
inch. In tank fires, too, water is useful in keeping down the tem- 
perature of neighbouring tanks. The whole refinery staff should be 
trained in fire drill, and a fire brigade established whose sole duty 
is the maintenance of the appliances, consisting of hose, nozzles, 
hydrants for water, shovels, and buckets or baskets for sand — ^in 
fact, keeping all the appliances ready for use at a moment's notice. 
In large establishments it is a common practice to erect a " fire '* 
tower at a sufficient elevation to admit of a clear view of the whole 
premises, and from which a vigilant watch may be kept. 

When tanks of small capacity become ignited, the contents may 
be rapidly pumped away and the duration of the fire thus shortened. 
Whether the contents of tanks of large capacity may be salved or not 
will depend on the rate at which they can be pumped away. Within 
the last few years suggestions have been made for extinguishing 
tank fires by means of carbonic acid gas (CO2) generated by mixing 
sodium bicarbonate with sulphuric acid, and also by pumping frothy 
mixtures, impregnated with carbonic acid, on the surface of the 
burning liquid. Whether these suggestions have proved successful 
or not, in actual practice, on the large scale, the writer has not found 
out, although there are records of one or more being quite successfully 
employed experimentally. 

Hand grenades, while of little value when a fire has actually 
taken hold, have frequently, when used just at the moment of out- 
break, prevented a more serious conflagration. 

Steam is useful in extinguishing fires in small tanks and buildings. 

Prevention, towever, is better than cure, and in a well-arranged 
refinery: the risk will be reduced to a minimum. An important 
point to bear in mind is to retain as little light oil as possible in receiv- 
ing tanks at stills, pumping it away to the sections where it is to be 
specially dealt with at regular periods./ Pigs. 41 and 42 show a 
1,000,000 gallon tank on fire and the rfebris left after the oil was 
consumed. 

Homdng of Employees. — ^This will depend entirely on the situation 
of the refinery. Accommodation may be required for all, from the 
works manager down, and the question can only be considered when 
the conditions existing at the site are known. 

Effect ol Petroleum on Health. — In the writer's experience, work- 
men have not suffered from ill-effects through working with petroleum 



DEPARTMENTS GENERAL TO WHOLE REFINERY ESTABLISHMENT. 105 

and its products. Workers in the shale oil industry suffer from an 
eruption known as ** paraffin boils," but this is confined to those 
employed in the paraffin plant, and a change of employment usuaUy 
affords relief. In the industries in which the writer has gained many 
years' experience, no such ill-effects were observed. 

Intoxication and even suffocation have resulted through men 
entering tanks containing light vapours, but this may be prevented 
by thoroughly ventilating the tank before the workman enters it, or 
by providing him with a suitable form of " gas helmet." Mr Herbert 
Barringer, M.Inst.E.E.,^ recorded a case where a repair was effected 
by a diver who descended into a tank containing liquid petroleum 
in a diving bell. 

Layoat ol Plant — In arranging the plant on a selected site it 
must be decided whether or not operations are likely to be extended 
at a later period on that site. If extension is probable, this must be 
borne in mind when laying out the initial installation. The relation 
of the site to transport facilities, whether by railway or water, must 
be considered carefully. For instance, if coal is to be used as fuel, 
and carried to the refinery by railway, the furnaces consuming it 
will be arranged at points necessitating least haulage. The best site, 
in the writer's opinion, is an undulating or sloping one on which the 
plant may be arranged to allow the oil to flow by gravity from one 
department to another with little or no expenditure for pumping 
plant. The worst is one which is perfectly flat, the character of the 
ground preventing receiving tanks being sunk to a low level, thus 
necessitating pumping at every stage of the process. An undulat- 
ing or sloping site assists drainage, which, on a level site, in certain 
positions, may be troublesome. It is not always possible to select an 
ideal site at the locality where it is desirous to erect a refinery, and 
the arrangement of the plant must therefore be made to suit existing 
conditions. 

Each section of the plant must be divided from its neighbour by 
a reasonable space, however, to ensure as far as possible non-inter- 
ference with the operation of the one should trouble occur in the other. 

* " Oil Storage,*' a paper read before the Institution of Petroleum Techno- 
logistSy London, on 18th January 1916. 
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CHAPTER III. 

STORAGE TANKS. 

The number of tanks required for crude oil storage, and for finished 
products ready for delivery to the market, and their individual 
capacity, will depend on circumstances. If, for instance, the re- 
finery be situated in reasonably close proximity to the oil-fields, 
then crude oil tankage may not be required for the refinery per se 
at all, or onh'* on a very limited scale. If, however, the refinery 
be separated from the oil-fields by considerable distances, either of 
water or land, then, obviously, provision must be made for possible 

TABLE VI.— Tanks. 



Producte. 



Petrol 
Benzine 
Kerosene . 
Intermediate oil 
Light lubricantfl 
Grade I. 
., II. . 

„ in. . 

Heavy lubricantp 
Grade I. 
,. II. . 

., in. . 



Per cent. 



G 
16 
35 
10 
10 



10 



Monthly 
yield. 



gallons 
*180,(HK) 
480,000 
1.050,000 
3(K).000 
300,000 



300,000 



Number 
of tanlcR. 



galionfT 



Individual 
rapacity. 



200,000 

500,000 

1,000,000 

300,000 



I 



50,000 



50,000 



longer or shorter periods in which the connecting water transport or 
pipe-lines may be out of commission. Generally, as a minimum, in 
circumstances other than close proximity of the refinery to the oil- 
fields, it will be well to provide at least a cQuple of months' crude oil 
supply. Once the daily throughput is decided, it will be a simple 
matter to calculate the total capacity required. Take 100,000 
imperial gallons daily as the proposed throughput ; making the above 
provision, then, in round figures, 6,000,000 gallons storage room will 
be nece8sar3\ Three 2,000,000 gallon tanks will accommodate that 
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quantity, and, besides being cheaper than the equivalent volume in 
smaller tanks, will occupy less area for erection. Also allow two 
months' capacity for storage of liquid products, on ,the basis of the 
above jrields, and the capacity and tankage shown will provide 
comfortable working space if stocks are maintained equal to about 
four weeks' production. 

Chapter IX,, ** Engineering Specifications," has been compiled by 
Mr John Gillespie, M.I.TVI.E., a petroleum tngineer of long and wide 
experience, and in il will be found specifications of all the above- 
mentioned tanks, as well as for capacities of 100,000, 20,000, 10,000, 
5000, and 2000 gallons, those for the last three being bath upright 
and horizontal. 

British refiners have not adopted concrete reservoirs for the storage 
of petroleum. 

The construction of steel tanks is undertaken by many British 
firms. Foundations must be designed to suit the particular condi- 
tions of the site selected, but all tanks of large area are laid flat on 
their foundations without brickwork. A common practice is to build 
on a foundation of rammed sand, surrounded by a retaining wall. 
For volatile oils — petrol or crude ^il containing petrol — ^the tanks 
should be fitted with gas-tight tops, slight pressure being maintained 
by means of a regulating arrangement in the form of a gasometer. 
\\Tiether the whole group or individual tanks are to be enclosed bj'' 
bunds, as a safeguard to surrounding property, must be considered. 
The danger does not lie so much in the possible collapse or rupture 
of the tan^ itself in case of conflagration or other misfortune, as in 
the breaking of connections letting loose the contents. It is a good 
plan when arranging pumping connections to make provision to 
enable the contents of the tank, to which accident has occurred, to 
be pumped into another. 

If the site necessitates bunding, the material of which the bunds 
are to be constructed will require to be consideVed. If of earthwork, 
there must be regular inspection to prevent leakage except through 
the proper outlets for drainage. Whatever material the bunds are 
constructed of, the inner area must be cleared of drainage through 
efficient separators, no oil being allowed to escape. If bunds are 
dispensed with, care must be taken to place the tanks in such a position 
that any great, or small, leakage due to accident will flow to a lower 
level, where it will be retained without damaging surrounding pro- 
perty, and where it may burn itself out if on fire. 

As with ironwork generally, so also with steel tanks, protection 
from the in|[uence of the weather should be ensured by painting 
immediately after erection and repainting at regular necessary intei? 
vals. Petroleum-resisting composition (shellac varnish) is frequently 
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used for protecting the inside of -the top plates^ should the vapours 
have a corrosive action. Volatile oils are best filled through the con- 
nection at the bottom of the tank, thus creating as little disturbance 
of the oil, during pumping, as possible. Swing suction pipes for dis- 
charging are frequently fitted to prevent any dirt or water being 
drawn off — a very necessary precaution both as regards crude oil 
entering the refining plant or finished oils under despatch. 

Precaution must alsoibe taken against atmospheric electric dis- 
charge, and it seems, generally agreed that the best 
meaiis to this end is to attach the conductor points to 
the hand-rail usually fitted to tank roofs. The tank is 
earthed through its contact with the ground on which 
it is built, no wiring being necessary. Pumping of 
volatile oils in bulk should be arrested during electrical 
disturbance of the atmosphere. 

Provision made for cleaning tanks when sediment 
is present in the crude oil will save trouble after the 
plant has been some time in operation. 

Tanks are built in plates riveted together either by 
hand or power. Oxy-acetylene gas and electric welding 
will, no doubt, play important parts in tank construction 
in the future. 

For the measurement of contents, the sounding ap- 
paratus introduced by Sir Boverton Redwood and his 
brother, Mr Robert Redwood, is usually employed. 
Regarding it, the former in his Treatise says : " This 
consists of a suitably loaded steel tape, on which, at 
about the level of the oil, an ebony plate is clipped. 
As the oil le.vel is very clearly defined on the surface 
of the ebony indicator, accurate measurements can thus 
be taken ; and the appliances possess other obvious 
advantages over the rigid sounding-rod previously em- 
ployed." 

In refineries, should water be present with the crude 
oil, it is simply run off at the drain-cock on the bottom 
of the tank after it settles out. The same is done if water should, 
through carelessness or accident, be found in tanks containing pro- 
ducts. At the time of making delivery of large quantities it may be 
necessary to show the exact amount, and in this case the Redwood- 
Barringer registering water-finder will be found a useful instrument. 
It is described as follows : — *' It depends for its action upon a change 
effiected by water on the surface of a chemically-prepared paper upon 
which oil has no action, and consists of a weighted hollow brass 
cylinder provided with a convenient means of suspension in a vertical 



Fig. 43.— Red- 
* wood-Barringer 
water-finder. 
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position. This collar holds in position a strip of the prepared paper, 
which lies in two longitudinal grooves cut on opposite sides of the 
cylinder. At each side of each groove, a scale, divided into inches and 
tenths, is engraved on the cylinder. The apparatus is lowered into the 
tank by a cord, and when it touches the bottom, is allowed to remain 
in a vertical position for a sufficient time for the water to act upon 
the prepared surface — ^usually about thirty seconds. On withdrawing 
the instrument, the depth of water is found indicated on the paper 
on both sides. The illustration exhibits the appearance of the 
apparatus after use, the paper registering a depth of eight-tenths of 
an inch of water " (fig. 43). 

The Simmons' Water-finder (fig. 44) registers the depth of water 
without the use of chemically-prepared paper, as will be followed 
from reference to the descriptive illustrations. 

To operate the instrument the weight, A, is raised inside the 
casing, B, by the said projections or trunnions, C, the glass tube, D, 
is then suspended by the soft rings, E^ and E*, E^ being cemented 
to top of tube and rests upon E* fixed to annular opening in weight, 
A, leaving a space between the lower end of glass tube, D, and 
the bottom pad, F, to admit the oil or water which pass out through 
the spaces above the glass tube, D, and the top pad, G, escaping 
through the holes, K, in the top of the weight. A, and through the 
holes, L, in the casing, B. . 

The instrument, when suspended by the ^eye-bolt, M, is lowered 
into the tank, the oil and water pass through the tube, and on reach- 
ing the bottom, the clutches, J, release themselves from the stud, H, 
allowing the weight, A, to fall and close the tube top and bottom, 
and on pulling on the eye-bolt, M, to raise the instrument, the 
clutches, J, pass over the stud, . H, pressing the weight. A, down- 
wards, and making a secure joint on the ends of the glass tube, D, 
until the instrument is raised and the amount of water read off on 
the scale, N, through the long slots, O, in the casing, B. 

The capacity of each tank is carefully calculated and registered.^ 

The most recent important article on petroleum storage is that 
by Mr Herbert Barringer, already referred to. 

* Very useful tables for the calculation of deliveries will be found in Petroleuni 
Tables, by William Davies (Dunn, Collins & Co.), 5th Ed. 
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CHAPTER IV. . 

DISTILLATION. 

Tub enormous increase in the demand for fuel oil during recent years 
has influenced the design of distillation plant for crude oil. Residues, 
hitherto of little or no market value and therefore consumed as fuel 
in the refinery, or associated works, in a more or less extravagant 
manner, have become valuarble products. 

The main objective, at the present time, is to perform crude oil 
distillation with the lowest possible fuel consumption, in plant of 
the utmost capacity, while reducing, if not entirely eliminating, 
redistillations of once -run fractions. Considerable success has 
attended efforts in this direction, as wiU be seen from perusal of the 
following pages. 

Grade Oil Distillation. — For the removal of low-boiling fractions 
only, the form of continuous still known as a tower still is cheap in 
constructional and working cost. It is heated by steam, generated 
under 30-40 lbs. pressure per square inch and maintained in a dry 
condition by passage through a heater before entering the still. 
To remove 10 per cetit. to 12 per ce'nt. from a crude oil containing 
20 per cent, to 26 per cent, boiling under 150° C, about 1 per cent. 
of liquid fuel is required, the consumption being calculated on the 
volume of crude oil entering the still. This may be reduced by the 
addition of preheaters, the functions of which are afterwards ex- 
plained. The plant illustrated by the diagram (fig. 46) is not equipped 
with these appliances, but several of various designs are. suitable 
for connecting with it, if so desired. The still is an insulated vertical 
cylinder, fitted with perforated plates resting on coils through which 
the steam is conveyed to the bottom, where it enters. These coils 
serve the double purpose of carrying the steam to its inlet and heating 
the oil in process of distillation. The steam on entering the cylinder 
Bi^cends, meeting the crude oil as it descends 'from plate to plate, in 
a regulated stream, and carries with it to the condenser the light 
fraction, the removal of which is the object of the operation. The 
steam pressure indicated will not unduly increase the aiptount of 
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mechanical " carry over," any contamination of the distillate arising 
from the commotion in the still being rectified by passing the vapours 
through an atmospheric condenser, the condensate thrown down 
returning to the still. 
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Fio. 45. — ^Topping still. 

A combination of this plant with fractionating preheaters is 
illustrated by fig. 46. In this arrangement steam heating is super- 
seded by direct firing. The crude oil enters at y^, the residue 
preheater, D, which is heated by the residue flowing from the still, B. 
Ovef flowing from D, it passes through the outer shell of the dephleg- 
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mators, C and- Ci, to B, which is identical with fig. 45. A portion of 
the residue collecting at the bottom of the tower is drawn ofiE by the 
pump, N, into the vessel, A, where it is heated to the desired tempera- 
ture under pressure and thence through the heating coils, x^ to ire, 
on which the perforated plates, a^ to a^, rest, finally returning to the 
heating vessel, i/i, y^, Vs, and y^ show the course of the crude oil 
through the system. M is a condenser for vapour distilling off 
preheater, D, and L a joint condenser for that coming off the crude 
oil surrounding C and Ci- The still vapours uncondensed in the 
latter pass through the water-cooled condenser, H, while J and J, 
are coolers for the condensates therefrom. K is a trap from which 
any^ ** carry over " is returned to the still, and G a water cooler in 
which the residue may be further reduced in temperature before 
passing to the receiver, F. Steam is introduced into B to aid the 
separation of the distillate if necessary. 

"A departure in distillation plant is that patented a few years ago 
by Mr M. J. Trumble, a Cahfornian chemist. Fig. 47 shows that the 
crude oil is heated to the desired temperature in pipes, or retorts, 
set in a primary furnace, the hot gases of combustion from which 
are utilised to heat the distillation chamber proper. This is a vertical 
cyUnder, and the oil entering it at the top spreads over and through 
perforated plates, falling over a cone-shaped imperforate plate which 
diverts the continuous stream to the heated sides of the cylinder 
down which it flows in a thin film. Other conical plates are arranged 
at intervals beneath to maintain the flow in the desired channel 
until it reaches the bottom where the outlet is situated. Steam 
may be employed to assist evaporation, and the vapours are led into 
a vertical column and thence to condensing apparatus. The develop- 
ment of this system has been very rapid ,r_a»s will be seen from the 
following abstract . from Mr Arthur F. L. Bell's paper, " The 
Important Topping Plants of California." ^ Under the heading " The 
Shell Company of California," Mr Bell states that the economical 
capacity of the plant is 5000 barrels of crude oil daily, that manj' 
improvements have been made, and the n# proceeds as follows : — 

" Besides the main topping plant, the Shell Companj'^ has erected 
a smaller Trumble retort with its evaporating tower for the purpose 
of running asphaltum and doing other experimental work. This 
part of the plant is not complete, and is not otherwise referred to in 
this paper. 

" Like the Vernon plant, all condensing and cooling will be done 
in tubular condensers. 

" The process will be carried on as follows : — ^The cold crude 
entej^ first the two vapour condensers, E and V (figo^fe» thei^ 

* Jourtial of the IiuttUulion of American Mining Enginetnt^ Septoiuber 1916. 
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condenser, E, where the distillates are condensed and returned to the 
lower compartment (N) of the separator, B (fig. 49), the process of 
evaporation being the same as described in the General Petroleum 
Company's Trumble plant. (The distillate from condenser, E, flows to 
the separator, B, entering the bottom compartment at one corner, 
travelling forward and backward six times through the series of com- 
partments, N, heated by the hot vapours coming from the evaporator, 
A. As the distillates flow through these heated compartments, N, they 
are evaporated, the vapours rising through openings into either of the 
two upper compartments, P and R, from each of which the vapours 
are led to two independent condensers. The outside upper portions 
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B^^9.— Trumble still separator. 

of the separators, B and C, are water jacketed, and as the hot vapours 
rise in the compartments, P and R, any heavy distillate, carried by 
the vapours, is condensed and drops back into compartment, N, so 
that only the lighter vapours escape from the respective compartments. 
The unevaporated distillates pass on to separator, C, where they are 
treated in the same manner as in separator, B, the vapours being 
conducted to two independent condensers.) 

" The vapours on leaving separator, B, which will have the lightest 
gravity, are condensed in condenser, F, and then pass off through 
jacketed pipe coolers to storage, while the unevaporated distillates 
from separator, B, pass on to separator, C. 

" The second vapours coming off from evaporator. A, are collected 
in the central perforated pipe and led to the jacket of .the evaporating 
column, T ; after imparting a certain amount of heat to the inner 0hell, 
they pass through the heating tubes in separator, C, the^n to con- 
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denser, U, the condensed distillates being returned to compartment, 
N, of the separator, C, to be evaporated as previously described. The 
vapours then flow to condenser, G. These distillates are of a heavier 
grade than those from separator, B. The unevaporated distillates 
flow from separator, C, to separator, S, which is heated by the hot 
residuum passing through it on its way to the exchanger. 

" The vapours from separator, S, pass off to the condenser, V, in 
the same manner as those from B to C ; they are heavier than those 
from the other two separators. The unevaporated distillate from 
separator, S, is not further refined and is run to storage. 

" Each of the three separators has two separate vapour chambers, 
each having a separate • outlet connected to its independent con- 
denser, so that the three separators will give six different cuts of vary- 
ing gravity of re-run products. An additional product will be the 
still bottoms drawn off separator, S. "The Shell Company is designing 
an additional Trumble plant. of equal capacity, to be erected along- 
side the present one, in which still further improvements are con- 
templated." 

It is therefore evident that this system of distillation will remove 
a large percentage from the crude oil, and in one operation ; the 
arrangement of evaporators and exchangers described separating 
that distillate into several distinct fractions without recourse to re- 
distillation. The initial cost of the plant, cost of operation and fuel 
consumption for a given throughput of crude oil and distillate, is 
infinitely less than that incurred by the installation of the long- 
established system, hereafter described, for distilling crude petroleum 
and for redistilling once-run distillates. The development of the 
Trumble system, or any modification of it, to the heavier portions of 
crude petroleum will be of special interest to refiners, for the objects 
in view are now of vital importance to the industry. 

Joiother arrangement for the fractionation of petroleum dis- 
tillates is the atmospheric condenser, developed by Mr Hugh L. Allan, 
which may be connected with either vertical topping or continuous 
boiler stills. It consists of a series of upright condenser pipes, each 
couple terminating in a vessel in which the condensate is trapped. 
The vapours pass from vessel to vessel, depositing in each a con- 
densate becoming progressively lighter in specific gravity as the 
uncondensed vapours reach the water condenser. A spray of water 
may be employed to cool the limbs of the condenser if desired, and 
the vessels in which the condensate is collected are maintained by 
means of internal steam coils at regulated temperatures adjusted to 
suit the products to be obtained. Fig. 50 illustrates one section of 
the. apparatus, a group forming the complete arrangement, for which 
patents have been applied for. ^ 
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When 60 per cent.'^to 70 per cent., comprising all the benzine, 
kerosene, and perhaps intermediate fractions, are to be removed, it 
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At>C7lindrical vessel. 

B"= Vapour inlet. 

B, and B,— Malleable iron condenser 

pipes. 
D, Disconnecting box. 
Enclosed heating coil. 



P=Open steam pipe. 
0»Qaugcgla.ss. 
H=Rnn-oflf pipe. 
J==>Water distribution. 
KaAntl-spIosh cone. 
L= Water tray. 



Qas from the still or Rtilla enters at R. rosses through D via Bj to A, and from A 
through Bg to Dg and on to the adjoining unit. 

Fig. 60. — ^Allan's^pparatus for continuous fractionation and dephlegmation of 
petroleum or other hydrocarbona, or mixture of volatile liquids. 



has been, and is common practice to distil the crude oil in a series 
of horizontal cylindrical stills, connected to distil continuously. 
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Some refiners ** top " the light fractions from the crude oil before it 
enters the cylindrical stills, but unless there exists some special reason 
for this complication it would appear that the whole distillation is 
best undertaken in cylindrical stills, without extra attention and loss 
of heat from the large volume of residue yielded by the topping plant. 
'''"■ The best known British system, is that designed and patented 
by the late Mr Norman M. Henderson, Works Manager of the 
Broxburn Oil Co., Ltd., in- 1883, for the distillation of shale oil, 
and since adopted by many refiners of petroleum. The stills were 
chiefiy cylindrical in form, although those of some of the smaller 
units were wagon-shaped. 

The crude oil fiows from a charging tank erected at a suitable 
elevation, through a preheater, warmed by the passage of vapours 
from the second or third still, and thence into the first still. Here 
it is raised to distillation temperature, and the specific gravity of the 
distillate at the worm end of the condenser fixed. The feed of the 
, crude oil is regulated, and the residue formed allowed to flow through 
a connection at the bottom into the second still at the top, and led 
from back to front to ensure the inlet and outlet being as far apart 
as the length of the still permits. In this still the oil is raised to a 
higher temperature, yielding a distillate of higher specific gravity, 
and so the oil passes through all the stills in series until the point is 
reached at which all the once-run benzine, kerosene, and intermediate 
oils are removed. 

All the outlets for residues are provided with safety plugs to pre- 
vent the outfiow of the still contents in event of accident to con- 
necting pipes. 

The residue, now containing only the heavier fractions, passes 
to one or other of a group of coking stills, worked intermittently in 
rotation and, in some instances, under partial vacuum. Here it is 
reduced to dryness, coke, or to a heavy residuum which may be burned 
as fuel. 

The standard dimensions of Henderson's cylindrical stills are 
19 feet in length by 7 feet in diameter. As many as eight have 
been worked in series, distilling appro ximatel}"^ as much as 70 per 
cent, from crude oil. For good fractionation a rate of distillation 
approximating one gallon of distillate per square foot of evaporating 
surface per hour should be maintained. 

A current of steam is introduced to facilitate the separation of 
distillates and to prevent " cracking," and this is generated in boilers 
conveniently situated.. The proportion of steam is measured at the 
worm end, and should approximate 25 per cent: of the /total distillate 
received. ^gitizedbyV^Ot 

Fig. 51 is a plan, elevation and section of a plant designed on the 
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regular, otherwise, if delay occurs, the throughput of the whole system 
will be reduced. The time taken for the complete operation of the 
pitch still usually aggregates about forty -eight hours. 

When the oil contains only a small 
-percentage of pitch, it may be de- 
cided to use a certain amount of the 
residue as fuel, and in that case stills 
of the above type will be employed 
but with modified cooUng tanks. If, 
however, it is decided to reduce the 
residue to coke, a still with a cast-iron 
bottom, which is readily removed, is 
most suitable. Care must be exer- 
cised in firing during coking and in 
cooling previous to the removal of 
the coke, as errors in these respects 
result in shortening the period dur- 
ing which the bottom may be used 
without repairs or renewal. Figs. 61 
and 62 are typical of cast-iron 
bottoms of stills as illustrated by 
fig. 63. Many of these stills are in 
use at the present time, and have 
been employed for years in the 

Scotch shale oil industry. 

Heavy oil stills are frequently 
worked under partial vacuum main- 
tained on the still by means of an 
air pump. The arrangement, which 
is applicable to any size or type of 
still, results in reducing the tem- 
perature of distillation 60° C. to 
100° C. Figs. 63 and 64 illustrate 
the usual application of vacuum to 
heavy oil distillation. 

For the distillation, or concentra- 
tion, of lubricating oil base, whi^h 
is either a direct fraction distilled 
from the crude oil or the filtrate 
after the solid paraffin has been 

removed from such fraction, stills of exactly the same design as 
those described for manufacturing pitch or coke are used. In the 
distillation of high boiling-point fractions best* results as regards 
colour and prevention of cracking are obtained when the oi)ei:ation 
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is conducted in a current of superheated steam. This is controlled 
most satisfactorily by superheating in a separately fired furnace^ ^ 
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AaSteam-heatod still. 

B a FractioiULting oolumn. 

Ca"Betura pipe. 

D => Dephlegmator. 

B» Cooler. 

F»Qaage. 

G^Bplate in plau and bection. 




Fia. 6.5. — Hcckinann bonzine still. 



Redistillations of kerosene fractions are carried out in stills of the 
^ P,ylinHrip ii.1 type used for distillii^ crude oil. 

The rectification of once-run benzine (redistillation to products 
of specified range of boiling-points) is conducted in steam-heated 
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stills either of the continuous topping or cyUndrical type. For close 
fractionation it is customary to employ a still fitted with a fraction- 
ating column either directly on the top of the still or adjacent to it. 
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There are numerous designs of fractionating columns, that illustrated 
by fig. 65 — ^the Heckmann type — being well known as an efficient 
device. In other designs the arrangement of plates and the channels 
through which the vapours pass the descending condensate differ con- 
siderably. Some merely consist of a number of plates arranged to 
send the ascending vapour from the still through a continuous stream 
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of condensate returning to it. This is the action in all columns, thi 
object being to scrub the heavy and high boiling fractions from thi 
ascending vapours, allowing only those of low boiling-point to paa 




over. Perhaps the cheapest form of fractionating column, and onej 
giving excellent results, is that filled with pieces of pipe, nipplesi-; 
tee-pieces, etc. 

For the ordinary petroleum proposition one redistillation of the- 
once-run benzine will suflBce to produce the desired ** cut," provided 
a suitable column is used. ^ 
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DISTILLATION. 

The separation of the aromatic hydrocarbons from light petroleum 
distillates has attracted attention on account of the possibility of 
augmenting supplies of toluol for the manufacture of high explosives. 
For this the fractionation is more complicated, a number of redis- 
tillations being necessary to reach good concentration. 

Regarding the dimensions of fractionating columns, or dephleg- 
ftiators, Lunge^ states : ** The diameter of the fractionating column for 
benzol must, of course, vary with the size of the still. According 
to Spilker ^ it should be about 2 feet 8 inches for stills holding 5000 
litres ( = 176*6 cubic feet), and 3 feet 3 inches for 10,000 litres (=353 
cubic feet). Their efficiency increases with their size, especially 
if the number of the plates is correspondingly increased." These 
proportions seem excessive for petroleum work, however, because 
a 10,000-gallon still for rectifying once-run benzine, fitted with a 
15-plate Heckmann column 5 feet 6 inches in diameter, gives excellent 
fractionation at the distillation rate of 500 to 600 gallons per hour, 
the whole charge being distilled, residue run down, and the still 
recharged ready for the succeeding run within twenty -four hours. 

The still must be provided with internal coils of ample heating 
surface to ensure the proper rate of distillation, and hot residues, 
if available, may be used for preliminarily heating the contents of 
the still. Figs. 66 and 67 are illustrative of two benzine rectifica- 
tion stills in course of erection. Th^ heating coils and connections 
are clearly shown. ^ 

The fuel consumed for redistillation of kerosene and benzine in 
the type of stiUs described is about 6 per cent, and 3 per cent, of liquid 
fuel by volume respectively. ^^J^ 

Condensers, Cioolers, and Preheaters.— The function of tfie con- 
denser is to condense distillates issuing from the still in the condition 
of vapour into liquid. This is accomplished by circulating cold water 
through the tank containing a coil into which the vapours pass. 
The heat transferred from the hot vapours to the surrounding cold 
water is carried away by the latter. Coolers, working in connection 
with stills, are for the purpose of reducing liquids, either condensates 
or residues, to a lower temperature than that at which they are 
received from the stills. The cooling medium in this case is also 
water. A coil condenser, shown in detail on fig. 68, forms portion 
of fig. 63, and fig. 69 is a detailed drawing of the radiator condenser, 
which is a more compact design. The tubular form of coil condenser 
is also used, as is the atmospheric condenser. It will, however, be 
obvious that heat, dissipated into the atmosphere, is impossible of 
recovery. 

» Lunge's Coal Tar and Ammonia. 1916 Edition, Part'9jl.^,^ip^.^£^^S^^ 
• Loc. cU., p. 60. 
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A distillate preheater perforins partially the functions of the 
condenser, the cooling medium being oil instead of water. The 
heat imparted by the distillate, through the coil to the oil, raises the 
temperature of the latter, thus reducing the amount of fuel necessary 
to bring it to distillation point when it reaches the still. Since steam 
is employed during part of the distillation, the amount of heat 
recoverable by its condensation in the preheater is considerable*. 
In the residue preheater a portion of the heat of the residue leaving 
the still is absorbed by the crude oil surrounding the coils through 
which the residue flows. 




A —Vertical residue prdieaten. 

O^Bensine ooadeiuer for distillates of preheaters. 

D-StiU. 






K=s(}ooler for 3 cuts from still. 

V— Combined distillate and residue preheaten. 



FiQ. 70. — Scheme of intermittent distilling plant with crude oil preheaters. 



Fig. 70 is illustrative of an intermittent still provided with pre- 
heaters. The design of the above condensing, cooling, or preheating 
apparatus is subject to the quantities and temperature of the 
distillates or residues entering them, and ample heat exchanging 
surface must be aUowed. Rate of heat exchange is referred to later. 

The subject of " preheating in petroleum operations " was dis- 
coursed at the Third International Petroleum Congress held at 
Bucharest in 1907, by Dr Kraemar, and the following is a free 
translation of his communication : — 

" The question of preheating petroleum by means of its distillates 
or of the stiU residue, especially in regard to operations with Bumaniau 
oil, has been the subject of a thorough investigation by Dr Weger 
in the laboratory of the Erkner Tar Distillery, and the results are 
here summarised. 
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** The material studied was a petroleum supplied by the Telega 
Oil Co., Ltd., Doftana, which, like the majority of the Roumanian 
oils, is relatively rich in benzine and kerosene and poor in parafiSn. 

** It was necessary to "bear in mind that (1) in such oils the utilisa-^ 
tion of the latent heat of evaporation of the whole distillate was 
restricted to certain limits to be considered in respect of the safety 
of the apparatus ; and (2) the free naphthenic acids present in the 
Roumanian oil would act injuriously on metal, especially at the high 
boiling-points of the kerosene and solar-oil fractions. 

" Consequently, Dr Weger limited his investigations to determining 
what advantages and disadvantages were connected with preheating, 
if, to begin with, the benzine fraction were carried over in great part, 
by naked or by coil-steam, continuously or intermittently, and the 
still-residue, thus completely deprived of water, were transferred to 
another vessel, and further exhausted by direct fire heat. There- 
after the study was extended to the utilisation of the latent heat of 
evaporation of the benzine, and of the heat of the benzine -less residue, 
and to the possibility of continuous distillation at defbrtfiined tem- 
peratures obtainable by high-pressure steam. Continuous column- 
distillation was adopted, as is sometimes* the practice in the tar ^ 
industry, though generally continuous stills only are used for 
petroleum. Subsequent operations extended to facilitation of 
distillation by the use of naked steam, and finally the question 
was investigated whether or not a vacuum was desirable for the 
kerosene fraction. 

" A. Use of the latent heat of evaporation of the benzine, — In the 
following formulae — 

B=the percentage by weight of benzine in the crude oil ; 
m=the initial temperature of the crude ; 
x='the required temperature in the preheated crude ; 
^==the temperature of the benzine vapour on entering the 
cooler ; 
Lb=the latent heat of evaporation of the benzine fraction under 

consideration ; 
Sb =the specific heat of the same ; and, lastly, 
Sr =the specific heat of the crude oil. 

" Then, assuming complete interchange of heat without any loss, 
i.e. the benzine cooled to m°, we have the following equations : — 
" Loss of heat by the benzine — 

BLb+BSb (t-m). 

" Gain of heat by the crude oil — Digitized by CiOOglc 

100 Sr (x-m). 
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" Combining these equal amounts of heat we find — 
B Lb+Sb (t-m) 
* = 100 Si +"*• 

" The values of Lb, Sb, and Sr are unknown, and for accurate work 
must be found by exact physical investigation. Approximately, 
Sb and Sr are equal, and may be taken at 0-5 as a mean, since — 

Hexane, boiling-point, 69° C, specific heat, 0-6042 
Heptane, „ 98° C. „ „ 0-4869 

Octane, „ 126° C. „ „ 0-5111 

Decane, „ 173°-174°C. „ „ 0-5058 

Lb may be taken at 75 as mean, since — 

Pentane, boiling-point, 36-3° C, latent heat, 74-89 
Hexane, „ 69° C. „ „ 8916 

Decane, „ 173°-174° C. „ „ 60-83 

m will be about 15° C, and 
t should be 120° C. from the subjoined data: 

** (In the continuous column-distillation where vapours of the lower 
and higher boiling fractions pass over simultaneously, the mean tem- 
perature of the vapour is*naturally lower than the final heat of still 
operation, i.e, t = 120°, when the boiling-point of benzine is about 150®.) 
" B, for the Telega crude, is about 25 per cent, by weight. Under 
these conditions a; =79° 0. 

" In practice, however, even with the best coolers, the heat-inter- 
change is incomplete ; the benzine is not cooled to m°, but to m°+(Z®, 
where (2 is a coefficient dependent on the construction of the cooler. 
Consequently, the crude oil is not so thoroughly preheated, and we 
have — 

B Lb +Sb(^ -[m-fd]) 
100 . Sr ^ 

Taking d at 10°, we find a; = 76°. 

" There is also a loss of heat outwards, lowering this figure again. 

" Supposing, as investigation has established, that in heating the 
aforesaid Telega crude, the first drop of distillate falls into the cooler 
when the still temperature reaches 74° ; that means, under the 
conditions mentioned, that distillation would just begin to be possible 
in the cooler by means of the latent heat of the benzine (being pure, 
with no kerosene), since here a temperature of 76° prevails. Attention 
must be given to this point in the construction of the cooler. 

** All the above refers to distillation without naked steam. If this 
be used, its high latent heat will effect a still more important result. 
Taking the weight of distillate as ten times that of the steam^jet Lw 
be the latent heat of steam ( =536) and Sw that of water ( = 1). 
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Then— 

B B 

BLb + — Lw+BSb(«-[m+d]) +— Sw(<-[m+d]) 

is heat lost by vapour and steam, and 100 Sr {x—m) is heat taken 
up by the crude oil. Thence a: = 108°. 

" It must, however, be considered that in the utilisation of steam 
the temperature of the benzine vapour passing over may be sub- 
stantially lower ; in fact, to obtain a uniform benzine, t must be taken 
at about 90°. Then a; will be 99°. 

" By the lowering of ^, therefore, the elevation due to the intro- 
duction of Lw and Sw is not exactly proportionate, since by using 
naked steam the crude in any case will be preheated to a higher 
temperature, certainly to a point above the initiation of boiling. 

" B. In the preheating of the crude oil by the discharged oily after 
removal of the benzine, a mixture of kerosene and residue, a heat inter- 
change of the most uniform nature is effected. 

** From 100 parts by weight of crude oil at 15°, we have 76 parts 
of topped oil at, say, 160°. 

" The cooling of the topped oil is perhaps not generally thorough, 
and could be carried further ; and 160° is not so high as to cause any 
difficulty whatever in transfer through pipes. But assuming that 
such transfer should not be effected at more than 70°, and that the 
specific heats of the topped and crude oils are identical (an assumption 
involving no great error), the crude can be heated from 16° to 76° 
vrith the topped oil. 

" In practice, both systems are alternately used, preheating with 
the benzine vapour and with the topped oils. The Popelka-Veith 
patent combines them, and the cooler serves simultaneously as a still. 
There are greater drawbacks with the benzine than with the topped 
oils, the latter being the preferable system. Besides this, if the crude 
oil- is to be at once distilled with high-pressure steam, both fire and 
steam are economised by preheating. For continuous column-dis- 
tillation, preheating is unconditionally advantageous. 

**To deal briefly with intermittent distillation the following 
experiment serves : — 

" About 2 litres of crude were distilled in a still without column, 
and comparison made of the temperatures prevaiUng in the still and 
at the outlet. Tb and t respectively (boiler and exit). 



Tb. 


t. 


Difference. 


140° 


118° 


22° 


150° 


126° 


24° 


160° 


133° 
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150° 
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*' In order to remove all benzines up to boiling-point 160° by coil- 
steam, it was necessary to have the still temperature at least 180°, 
corresponding to a pressure of fully 10 atmospherea^ 

'^ In continuous distillation the conditions are so far more favour- 
able that one has only to deal with steam at the lower mean tempera- 
ture. This, of course, refers only to continuous column-distillation 
not to continuous still-work. The mean temperature must be about 
120°, if the distillate is to have boiling-point 160°. 

** On the other hand, some heat is, of course, lost in the long 
passage through the column, so that the still temperature, Tb, must 
be rather higher than 120° + 30°. 




Tb 



m 






(Vtf 



Tb J 



A B 

Fig. 71. — Preheating diagrams. 

*' In small apparatus the loss of heat was so serious that at Tb 
180° the requisite 120° was never reached for t, (See experiment 2, 
below.) Of course, the initial temperature is a factor in this case. 

" For continuous distillation the laboratory apparatus A and B 
were used at first (fig. 71). 

"Although, from calculation, only a meagre preheating to 79° 
or 76° could be expected without using naked steam, it must yet be 
admitted that, despite the most perfect protection possible, in small 
apparatus the loss of heat outwards was too great, and the results 
indicated no adequate utilisation, the preheating proving yet miuch 
feebler. 

" Then apparatus C (fig. 71) was used, in which the crude oil was 
brought to the desired initial temperature in a specially-heated 
preheater. 



R =the crude oil reservoir ; 
cc=column ; 
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6 = benzine cooler ; 

p =outlet of topped oil ; 
Tb =8till temperature ; 
Te =temperature of preheated crude at entry to column ; 

/=temperature of benzine vapour passing over. 

** The following four experiments were carried out with appar- 
atus C : — 

" 1. Without naked steam. Tb at about 150°, corresponding to 
a pressure of about 5 atmospheres. 



Tb . 


. 166° 


166° 


162° 


163° 


164-6° 


167° 


168-6° 


168° mean 155° 


Te . 


. 113° 


113° 


114° 


114° 


116° 


108° 


113-6° 


113° „ 113° 


i 


. 93° 


81° 


86° 


87° 


86° 


90° 


92° 


88-5° „ 88° 



20 


per cent. 


8-0 




230 




42-5 




63-0 




80-0 




82-6 




90-0 





'' The columns represent readings at thirty minutes apart. 
" About 20 per cent, by volume was distilled off, giving a benzine 
of 0'7035 specific gravity with the following boiling-point : — 

Up to 47^-50° 

60° 

70° 

80° 

90° 
100° 
110° 
111° 

"During the experiment there flowed off about 18 per cent, by 
volume of the mixture of oil and residue of specific gravity 0-877 
and the following boiling-point 

1-0 per cent. 

4-5 

9-6 

14-0 

18-5 

22-5 „ etc. 

"The mixture of oil and residue left in the still, approximately 
60 per cent, by volume, had specific gravity 0-863 and the following' 
boiling-point : — 



Up to 128° -130 




140° 




150° 




160° 




170° 




180° 



to 123° -130° 


3-0 per cent. 


140° 


. . 7-0 „ 


150° . 


. 120 „ 


160° 


. 17-5 „ 


170° 


. 220gi,izeoifcy Google 


180° . 


. 26-6 „ etc. 
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**That is, by not using naked steam, temperatures 156° Tb and 
88° t were insufficient to eliminate all the benzine, the distillate 
boiling only up to 111°, whilst, on the other hand, the residual 
mixture stood at much too low, 128° — 123°. 

** 2. Also without naked steam. Tb at 180°, corresponding to 
10 atmospheres' pressure : — 

Tb 176*^ 174° 175-6° 177° 178° 180° 176° 178° 178 6° 180° 177° 
Te 114° 118° 116-5° 119° 119° 119° 112° 108° 112° 111° 119° 
t 1Q6° 100° 106-6° 109° 109° 110° 111° 103° 105° 107° 100° 



Tb 176° 177° 180° 
Te 114° 115° 116° 
/ 100° 110° 112° 



180° 178° 179° 176° 176° 176° 
116° 116° 121° 118° 119° 118° 
110° 102° 101° 106° 106° 108° 



176° 177° mean 177° 
116° 112° „ 115° 
109° 108° „ 106° 



'* The columns represent leadings at ten minutes apart. 
" About 28 per cent, by volume passed over, giving a benzine 
of 0-722 specific gravity and the following boiling-point : — 



Up to 57° -60° 

70° 
80° 








1-6 per cent. 
6-5 „ 
. 18-5 


90° 
., 100° 
„ 110° 








330 
51-5 

68-5 


„ 120° 








84-5 


130° 
„ 131° 








89-5 
900 



** During the experiment there flowed off about 30 per cent, by 
volume of the mixture of oil and residue of 0-896 specific gravity and 
the following boiling-point :— 



Upto 150°-160° 


4-5 


per 


cent. 


,, 


170° . 


8-5 




,, 


)) 


180° 


. 13-6 




i> 


99 


190° 


. 18-6 




»i 


99 


200° 

£ _:i J -J... 1, 


. 220 

rj. •_ xi- _ ^A'li _ 


1 


etc. 



'* The mixture of oil and residue le^ in the still, about 42 per cent, 
by volume, had specific gravity 0-893 and the following boiling- 
point : — 



Upto 146° -160° 
160° 
170° 
180° 
190° 
200° 



2-0 per cent. 
5-5 
9-6 
13-5 

l^i^iti^edbyGoOSle 
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21-5 



etc. 
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" That is, again, with Tb at 177° and Te at 116°, the benzine was 
still rather too low-boiling. 

** From these two trials it may be concluded that t must be about 
120° if a sufficiently high-boiling benzine is desired, and the remainder 
sufficiently free from benzine. That is, Tb and Te must be somewhat 
higher. 

" More advantageous work is eflFected by the help of naked steam. 

" 3. With naked steam. For 100 volumes of distillate, 18 volumes 
of condensed water from the steam. Tb at about 180°, corresponding 
to about 10 atmospheres' pressure : — 



Tb 
Te 

Tb 
Te 



180-6^ 

113° 

103-5° 

178° 
114° 
108° 



178° 
117° 
101° 

180-6° 

115° 

99° 



178° 

105° 

95° 

180° 
114° 
94-5° 



177-6° 
114° 
93-5° 

178° 

114-5° 

91-6° 



173° 

111° 

89° 



178-5° 
109° 
80-6° 



182° 

116° 

87° 



177° 

108° 

80° 



176° 180° 180-5° 179-6° mean 179° 
116° 116° 116-5° 112° „ 113° 

93° 95° 96° 90° „ 94° 



** The columns represent readings at intervals of fifteen minutes. 
" About 40 per cent, by volume was distilled off, giving benzine 
of 0-738 specific gravity with the following boiling-point : — 

1-5 per cent. 

5-6 
110 
19-5 
31-5 
44-5 
56-5 
68-0 
78-0 
85-5 
90-0 

*' During the experiment there flowed off about 20 per cent, by 
volume of mixed oils of 0-915 specific gravity with the following 
boiling-point : — 

0-5 per cent. 

4-5 

6-5 



Up to 


56° -60 




70" 




80° 




90° 




100° 




110° 




120° 




130° 




140° 




150° 




158° 



Up to 179° -180° 
190° 
200° 
210° 
220° 
230° 
240° 
250° 



100 
13-5 
16-5 „ 
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" In the still there remained about 60 per cent, by volume of mixed 
residue of 0-863 specific gravity and the following boiling-point : — 



Up to 182° -190° . 


2-0 per cent. 


200° 


. 4-5 


210° 


70 


220° 


. 100 


230° 


. 140 


240° 


. 17-6 


250° 


. 20-5 



etc. 

** 4. With naked steam. For 100 volumes of distillate 30 volumes 
of condensed water from the steam. Tb at 150°, corresponding to 
about 5 atmospheres pressure : — 



Tb 
Te 

t 


154° 

98° 

100° 


161° 154° 

117-5° 110° 

975° 96° 


165° 147-5° 148-6° 148-5° 
111° 113° 109° 108° 
96° 97 6° 95 6° 96 6° 


150° 

113° 

96° 


Tb 
Te 

t 


160 6° 
117° 
90° 


148° 146-5° 
112° 107° 
94° 96° 


147 6° 160-6° 146° 160.6° 160° 

110° 108° 104° 108° 110° 

96° 93-6° 93° 94° 94° 


mean 150° 
„ 109-6** 
„ 96° 



" The columns represent readings at intervals of fifteen minutes. 

** About 42 per cent, was distilled off, giving a benzine of 0-744 

specific gravity and of the following boiling-point : — ^ s 

2-6 per cent. 

70 
16-5 
27-5 
400 
520 
640 
74-5 
830 
88-6 
90-0 

" During the experiment there flowed off about 24 per cpnt. by 
volume of mixed oils of 0-916 specific gravity and the following 
boiling-point : — 



to 59-5° -70° 




80° 




90° 




100° 




110° 




120° 




130° 




140° 




150° 




160° 




163° 



Up to 190° -200° 


2-5 per cent. 


210° 


. 5-6 „ 


220° 


• 8-6 „ 


230° . . 


. 11-5 „ 


240° 
260° 
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" In the still there remained about 32 per cent, by volume of 
mixed oil residue of 0-914 specific gravity and the following boiling- 
point ; — 

Up to 186^ 



:??''- 



5* -190° 








1-0 per cent 


200° 








4-0 „ 


210° 








6-5 „ 


220° 








9-5 „ 


230° 








13-5 „ 


240° . 








16-5 „ 


250° 








19-5 „ 



etc. 

" Naked steam, therefore, as was to be expected, very importantly 
lowers the temperature, <, of distillation. An exit temperature of 
94° in a mixture of 18 to 30 per cent, of steam to distillate is too high 
to retain a benzine boiling at 150"^. The admixture of steam has a 
great influence, greater than the still temperature. The proportion 
of steam to distillate can be brought to any desired ratio by regulating 
Tb and Te to secure the required benzine. For every ratio of dis- 
tillate to steam, t varies. If the steam proportion be reduced to 
nil, the temperature, t, must be raised to a maximum of 120°. For 
example, to obtain the ratio 18 per cent, of steam (experiment 3), 
t must be below 94°, about 86°, and Tb, Te must be lowered to 179° 
and 113** respectively. 

** Per contra, if the pressure is diminished from 5 atmospheres 
(160° C), steam must be used, but within the range of 30 per cent, 
of the distillate (experiment 4), giving t below 96°. 

" Lastly, as regards the use of a vacuum in oil distillation if carried 
only to 70° (steam temperature), a vacuum is not unconditionally 
advantageous. If there has been already a decomposition, or quasi- 
cracking action, below 270°, (1) the proportion of kerosene may have 
diminished, (2) that of the substances removable by washing with 
sulphuric acid may have increased (and therewith the need of chemical 
treatment), and (3) the quality of the oil may have deteriorated by 
increased carbonisation : all of which would be remedied by the use 
of a vacuum. It maj^ however, be laid down definitely that decom- 
position, indicated by a gentler rise of the curve of specific gravities, 
commences at 270°. That is, a vacuum is not unconditionally 
necessary for the kerosene fraction, especially if the distillation is 
assisted by steam. If higher-boiling oils are to be carried over with 
the kerosene, the use of a vacuum is highly advisable." 

With reference to the amount of heat dissipated through the coils 
of an ordinary condenser, and this may be taken as applying also to 
preheaters, Mi George E. Davis ^ states : " That for ordinary con- 

1 A Handbook of Chemical Engineering, 1902, vol. ii. pp. 260, 261. 
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densers it is safer to take as a basis for designing 1000 B.T.U. per 
square foot per hour than to work upon the supposition that 250 
B.T.U. will be dissipated per square foot per hour for each degree F. 
of mean difference between the internal and external temperature." 

For the extraction 6i oils from seeds with petroleum ether (specific 
gravity 0-633), not less than 2 square feet of condensing surface should 
be provided for each gallon of distillate per hour with a condensing 
water supply of 3 gallons per gallon of distillate. The inlet tempera- 
ture of the water is referred to as 50° F., rising 50° F. in its passage 
through the condenser. When the temperature is higher than 50*^ F., 
due to tropical or other conditions, ample allowance must be made, 
and the condensing surface increased accordingly. 

Regarding condensers, Htyd I. Redwood ^ states : ** The area of 
the condensing surface of the condenser worm and the diameter of 
the coils largely affect the running of the still and the quality of th^ 
distillate. There should be suflScient outlets from the still to allow 
of the oil in the still being kept in contact with the heat for only 
the shorter length of time necessary to ensure a proper separation 
of the impurities intended to be removed by the distillation. The 
condensing capacity should be sufficient to allow of the still 
being run at minimum rate without causing loss of vapours due to 
imperfect condensation, and, in order to ensure this, there should be 

1 square foot of condensing surface for every gallon of oil distilled 
per hour for heavy oils ; 1 J square feet for burning oils ; and If to 

2 square feet for naphtha or other very volatile oils. 

** As regards the size of the condenser worm, the internal area of 
the cross-section of the worm at the inlet to the condenser should be 
0-06 square inch per gallon of distillate per hour, or, if the distillate 
be run at the rate of, say, 200 gallons per hour, the size of the worm 

should be (a/ ---——-—= )3- 102 inches in internal diameter. That 

\V 0-7854 / 

size should be continued to 2 J inches for the next third and to 
2 inches for the last third. . . . 

** The quantity of water necessary to effect the condensation of 
the oil vapours and cool the distillate to any desired point can be 
calculated by the aid of the specific and latent heat figures given in 
the following table. 

" For example, we will suppose that we have 1000 gallons of -756 
specific gravity naphtha to distil, and that the distillation will be 
conducted at the rate of 100 gallons per hour, then — 

" 1000 gallons at -756 specific gravity =7660 lbs. 

** The latent heat of vaporisation of -756 naphtha = L33- 5° F» 

ngitizedbyV^OO^le 

* A Practical Treatise on Mineral Oils and their By -Products, pp, 199, 201. 



DISTILLATION. 



141 



" Therefore (7560 x 133-5=) 1,009,260 thermal units will have to 
be extracted from the vapours in order to condense them to fluid 
at 175° F. temperature. The condensed fluid {i.e, distillate) has to 
be cooled to 60° F., and as the specific heat of the distillate is 0-570 
(water being 1-000), the amount of heat that will now have to be 
extracted will be 7560x175—60x0-5104=443,741 thermal units; 
therefore, total thermal units to be extracted will be 1,009,260 
+443,741 = 1,453,001. As the distillation takes ten hours, the 
number of thermal units per hour to be absorbed by the condenser 
will be 145,300. We will now suppose that the initial temperature 

TABLE VII. — Constants of Products. 



Name of oil or wax. 



Oasoline 
Naphtha 

f» 
Burning oil 
Intermediate 
Marine 
Pressed oil . 
Lubricating oil 



Refined paraffin wax 



Stearine 



52- 



Specific 
gravity. 



•642 
•720 
•766 
•810 
•843 
-836 

-865 
•890 



Boiling- or 
melting- 
point. 



70 
115 
175 
260 
545 






1 

120 
1«> 
128 



Latent 

heat of 

vaporisation. 



100-2 
100-6 
133-5 
105-4 



Vapour 


Specific 
heat.' 


density. 




0-6800 


3-005 


0-5687 


3190 


0-5704 


4-270 


0-4991 


7-770 


0-4950 




0-4661 






0-4413 






0-4492 






0-4441 






T)-53M 






4Ki64 






0-4069 






0-3669 






0-3529 



of the condensing water is 50° F., and that the temperature of the 
overflow will be 80° F. As the specific heat of water is 1, and the 
temperature of the water will be raised 30°, each pound of water wiD 
therefore absorb 30 thermal units, and as 145,300 thermal units have 
to be absorbed (146,300->30 = ), 4849 lbs. (=484-9 gallons) of water 
per hour will be required. 

" The above figures are based on the assumption that the boiling- 
point of naphtha would be 175° F. throughout the distillation, but 
this, of course, would not be the case, and more water than the above 
figures call for would be required. Also, a condenser is never perfect 
in its action owing to the worm becoming more or less covered with 
sediment, etc., and more water will be required again in this case ; 
however, the approximate quantity of water required can be deter- 
mined near enough for practical purposes by calculating as above and 
then adding 10 per cent." 
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CHAPTER V. 

PARAFFIN EXTRACTION AND REFINING. 

The heavy oil fractions, containing solid paraffins, which are separated 
from the crude oil in the continuous distillation plant are transferred 
from the receivers there to those at the paraffin shed, as the extraction 
plant is termed. Here any water they may still contain is allowed 
to subside, and if, as is frequently the case, they should contain 
carbonaceous matter in suspension, and which if allowed to pass 
on into the system will create trouble by clogging the filter cloths, 
it is filtered on its passage to the cooling apparatus. These are cooled 
artificiaUy, and refrigerators working .on the T;ompression system are 
almost, if not entirely, employed in modern works. 

The foDowing diagram explanatory of the compression system of 
refrigeration is taken from T. B. Lightfoot's article, " Refrigeration 
and Ice Making Machinery." ^ 

For those wishing to study the matter more fully, reference to the 
above article, to which a bibliography of works on the subject is 
appended, is recommended. 

The following quotations therefrom are now made in explanation 
of the general principle of the working of refrigerators, without going 
too deeply into the whole subject : — 

** There are three principal parts : refrigerator or evaporator, 
compressor, and condenser. The refrigerator usually consists of a 
coil or a series of coils connected at one end with the suction of the 
compressor, the delivery from the compressor being connected with 
the condenser, which also consists of a coil or series of coils. The 
refrigerator coils are surrounded with the substance to be cooled, and 
around the condenser coils cooling water Ls circulated. The bottom 
of the condenser coils is connected to the refrigerator coils by a pipe 
in which is a valve for regulating the quantity of liquid passing from 
the condenser to the refrigerator. The machine being in action, the 
refrigerating liquid flows into the refrigerator, iig. ^h|gl^ the pressure 

^ Thorpe'ji Dicliotuiry of Applied Chemistry, 1913, vol. iv. p. 666. 
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is maintained so as to give the desired temperature of evaporation, 
and as this temperature is always below the temperature of the sub- 
stance outside the coils, heat passes in from the outside and causes 
the liquid to evaporate at the temperature, T^, the vapour being con- 
tinuaUy drawn off by the pump which compresses and delivers it 
into the condenser, T,, which is somewhat above that of the cooling 
water. In the condenser heat passes from the compressed vapour 
into the water, the vapour being condensed, and the liquid which 
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Fia. 72. — ^Reirigeraltion diagram. 

collects at the bottom returns through the regulating valve into the 
refrigerator." 

In the above case the condenser coils are submerged, but better 
cooling effect is claimed for coils exposed to atmospheric influence 
with only a spray of water running over them. The cycle in the 
refrigerator is of course the same. Most large machines are now 
constructed with the atmospheric condenser. 

The principal refrigerating agents in use are ammonia (NH3) 
and carbon dioxide (COg). Which type of machine should be selected 
is a matter for expert opinion and advice, taking all the circumstances 
into consideration. Whichever type be decided upon may be either 
steam or electricaUy driven, and figs. 73 and 74 illustrate refrigerators 
operated by either form of power, and fig. 75 shows in plan and 
section a duplex steam-driven refrigerator arranged for brine circula- 
tion with submerged condensers. ^ 
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There are three good arrangements for cooling heavy oil and 
paraffin, all designed by- engineers prominent in the Scotch oil 
industry. 
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(1) The late Norman M. Henderson, Manager of the Broxburn 
Oil Co., Ltd. (fig. 76). 
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(2) James Bryson, Manager^of the Pumpherston Oil Co., Ltd. 
(fig. 77) ; and 

(3) A. C. Thomson, Manager of the OakbanK Oil Co., Ltd. (fig. 78). 

All of these may be cooled by brine circulation, but the last- 
named is worked by the direct expansion of ammonia. In this case 
the cooler is the refrigerator in the example of refrigeration quoted 
above. 

In the Henderson cooler, which has a capacity of 1000 gallons, 
the oil is contained in the inner shell, which is divided by a number 
of cells. The brine is pumped through these and overflows into the 
outer shell, finding its way to the return outlet through the brine space. 
The brine is in constant motion while the cooling proceeds, but as 
soon as the desired temperature is reached, it is shut off and the 
circulation only resumed when the cooled oil has been pumped away 
through the filter presses and the cooler recharged. The oil is kept 
in motion and prevented from solidifying on the surface of the cells by 
scrapers, revolved by a shaft as shown, and by a stirrer which prevents 
solidification taking place in the lower part of the vessel. 

In the other two designs the oil and refrigerant pass in direct 
counter current, solidification being prevented by suitable scrapers. 

The rate of cooling is regulated by the range of temperature 
through which the oil is to be cooled and the temperature of the 
brine or ammonia employed. 

Whichever type of cooler be selected, a certain economy will result 
by using the cold oil passing from the filter plates to partially cool 
the oil entering the apparatus. This may be accomplished in a heat 
exchanger designed with ample surface to suit the temperatures at 
which it has been decided to work. 

Cooling may be carried out in one or two stages, depending on the 
quantity of paraffin to be removed from the oil and the temperature 
at which, the resultant filtrate is to be perfectly free from it. The 
second cooling is much slower than the first, because the temperatures 
are closer. For instance, in the first cooling the range may be from 
80° F. at the inlet to 40° F. at the outlet, with brine leaving the 
refrigerator at 10° F. and returning at 15° F. ; while in the second 
cooling the range will be from 40° F. to, say, 15° F., with brine at 
0** F. returning at 5° F. The rate of filtration, too, will be slower in 
the second than in the first stage, because of the increase in viscosity 
due to the lower temperature. 

The selection of a cooler will depend on the oil to be cooled, and 
for the first stage cooling of oil containing a large amount of high 
melting-point wax the author favours the Henderson apparatus. 
All three give good results, but as initial cost is an important factor 
in makjing the decision, it is better that each should be considered 
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Fio. 78.— Thomaon cooler. 
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150 PETROLEITM REPINING. 

and the patentees consulted as to the efficiency of their invention 
under the conditions existing at the site on which the refinery is to 
be erected. 

^ When the Henderson cooler is employed, the frozen oil is drawn 
from it by a pump and forced through filter presses to effect separation 
of the solid scale or crude wax from the oil ; but when either the 
Thomson or Bryson cooler is employed, the oil leaving the pre- 
liminary cooler is forced through it right into the filter press, cooling 
taking place during the passage through the apparatus. 

Fig. 79 illustrates the construction of a filter press, the plates 
of which are covered with a specially woven cloth strong enough to 
stand pressure. As the oil is pumped in, it separates, passing 
through the cloths, running into the troughs and thence to receivers 
placed at a lower level. These presses are sometimes closed by means 
of a hydraulic ram, as in the case of the illustration, to save hand 
labour. Fig. 80 is a drawing of a three-throw pump, which is the 
class of pump commonly employed for filling these filter presses. 
The scale fills up the space between the cloths, and when this is quite 
full and practically free from oil, the press is opened and emptied. 

Filter press plates are made of cast-iron, ribbed on the surface 
and covered with perforated zinc sheet to support the cloth and 
prevent it sagging, or they are made on the ** pyramid " principle, 
which offers a larger filtering area. 

Pyramid Filter Presses— Recessed Plate Type SuitaUe for Oil 
FiltratioiL — ^The distinctive feature of the plates of this type is the 
raised rim which stands up above the drainage surface on both sides 
of the plate. When the plates are in position, a chamber is formed 
between every two plates, the depth of which is equal to twice the 
depth of the recess of the plates. A hole is provided in each plate 
through which the material to be filtered enters the chambers, and 
a filter cloth is hung over each plate having a hole in each half which 
corresponds to the feed hole of the plate, the joint round which is 
made by a clip. When for any reason it is desirable to avoid the use 
of cloth clips, then the cloth is made in two pieces sewn together round 
the hole ; one half of the cloth is passed through the hole in the plate, 
and the two halves tied together over the top of the plate or held by 
suitable hooks. For oil work, however, the filter cloth is hung over 
each plate. 

Fig. 81 shows a section through the head and a few chambers 
of a recessed type press with centre feed inlet. A, Ai, and A, are 
filter plates, forming chambers, B, Bj, and B,, into which the material 
to be filtered enters by the inlet, D. The outlets for the filtrate con- 
nect to the ports marked E. The rims, C, of the plates are machined, 
so that when the plates are tightened up in position the cloths make 
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the joints between the plates quite tight. It will be seen that each 
chamber is thus completely lined with cloth, so that when the material 
to be filtered is forced in under pressure the solid particles are retained 
by the cloth, and the liquid portion freed from suspended matter 
and known as the filtrate, passes through to the outlet. 

In this illustration three methods of fixing the cloths on the 
plates are- shown : F and F^ are 
screwed unions, G is an instan- 
tjinedus clip which is fixed by a 
i^uarter turn, and H is one of the 
adjustable hooks to. which the 
cloth is attached when, sewn 
round the centre hole. 

Pytamid Drainage Surface (fig. 
82). — Actual tests have demon- 
strated that the ** pyramid " 
drainage surface gives an in- 
creased rate of filtration of from 
15 per cent, to 30 per cent, over 
that of the older forms. 

The number of presses and 
filtering area required must be 
determined by experiment with 
the oil to be filtered. The amount 
of solid deposited and the rate of 
filttation will decide the number 
of plates required. After the scale 
is removed from the press it is 
dropped into a screw or other 
cotiveyor, which carries it to the 
hydraulic presses (fig. 83). It is 
here folded in strong cloth, also 
specially woven, and placed on 
baskets which lie on the shelves 
of the press. Pressure is then 

applied, and may reach as much as 20 to 30 cwts. per square 
inch, depending on the character of the scale. In this way the 
scale is freed from all but traces of the filtrate. On removal 
from the press, the cloths are opened and the dry scale transferred 
to a melting boiler, where it is melted with open steam, settled free 
from mechanical impurities, and blown in the liquid state to the 
next stage of the process — paraffin refining. Fig. 84 shows a well- 
arranged paraffin shed. ^.g,^^, .^ GoOqIc 

Before passing to that section, attention is drawn to anothefpro- 




Fia. 81. — Pyramid filter presa (section). 
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cess for the separation of paraflSn from para£Sn oil mixtures, perhaps 
worthy of attention, patented on the Continent by the Triester 
Mineralol Raffinerie, Trieste, and introduced to notice in this country 
by Mr Von Groeling. It is, to quote a translation of the official 





Fig. 82. — Pyramid filter prees (drainage surfaoe). 

description, " based on a quality of paraffin not hitherto known in 
the industry, i.e. that under certain conditions it precipitates out 
of the oily solution. These conditions are that a fluid mixture of 
paraffin and oil is cooled down uniformly through and through 
without being exposed to the usual motion in cooling apparatus, 
\t being left almost at rest." What slight motion is required to 
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Fig, 83.— Hydraulic press. 



Digitized by 



Google 



164 PETROLEUM REFINING. 

prevent the liquid next the casing of the vessel from solidifying, and 
forming a non-conducting coating, is provided by the slow movement 
of a skeleton scraper round the inner surface of the vessel, which is 
simply cooled by a stream of water running down the outside. " The 
precipitation of the paraffin crystals starts at the moment when the 
setting-point is reached in the cooling described, and this is allowed 
to continue until a little more than the lower half of the cylinder is 
filled with paraffin crystals." The cylinder, or tank, in which the 
operation takes place is fitted with a false bottom of gauze, on which 
the paraffin precipitates. The oil is then run off, which it dtfiM 
freely, and may then be cooled artificially to remove the softer 
paraffins, while the precipitated paraffin goes to the refining plant. 
The apparatus is exceedingly simple, consisting of a water-cooled 
tank, and a slowly rotating scraper or paddle (figs. 85 and 86). 

The crude scale, even after hydraulic pressing, still contains 
traces of the heavy oil, and this must be removed before the colour 
becomes perfectly white. To attain this object, and to fractionate 
the scale into one or more grades of wax, it is subjected to the " sweat- 
ing " process. This may be performed separately on each grade of 
scale, or together, blb found by experiment to be the better procedure. 
The original sweating process was brought out many years ago by 
Price's Candle Co., and was worked as follows, and the same arrange- 
ment of trays is in daily use in many refineries for forming the finished 
wax into blocks of convenient size to pack for transport, the blocks 
being despatched in wooden cases or in bags, the latter usually 
double : — 

The melted scale, freed from dirt and water, was run into a 
wooden trough set on the top of an iron rack supporting twelve dozen 
flat^trays, each containing 10 lbs. of wax, in twelve vertical rows. 
An outlet, stopped with a plug, over each row, allowed the melted 
scale to flow into the uppermost tray, from which it overflowed 
through a slit in the end to the tray underneath, and so on to the 
twelfth or bottom tray. The racks were arranged in a well- 
ventilated apartment. After cooling to atmospheric temperature, 
the solidified cakes were loaded on a trolly, and conveyed to the 
sweating room. There they were laid on shelves tilted at a slight 
angle to permit the sweatings to reach the collecting troughs 
quickly. To ensure as good a separation of the oil as possible, the 
shelves were covered with cocoa-nut matting. 

As will be obvious, the process entailed a large amount of labour, 
and here again Mr Henderson showed his genius, inventing in 1887 
what is universally known as " Henderson's sweating stove." This 
consists of a frame on which are set, one above the other, nine trays 
measuring 21 feet long by 6 feet broad and 6 inches deep and having 
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a total scale capacity of 7 tons. Gauze is stretched across these, 
about 2 inches from the bottom, and the frame is provided with an 
arrangement for tilting the trays to an angle sufficient to ensure good 
drainage. The frames are erected, either singly or in pairs, in rooms 
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Fig. 85. — Paraffin crystallising plant. 

heated and ventilated in turns. When in the level position the trays 
are fiUed with water as far as to the gauze. The melted wax is then 
run in, and the whole allowed to cool, ventilation being assisted if 
necessary with electric fans. The time required for this depends on 
the melting-point of the mixture to be sweated, and on the weather 
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conditions. When uniform solidification is reached, the water is run 
off, and the trays tilted. Heat is then applied, and sweating carried 
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on until the residue is of the melting-point aimed at. The sweatings 
running off are fractionated^ ^to suit the general process. All the 
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sweats are thoroughly drained from the trays, and the residue on the 
gauze, beiiig melted by steam, is diverted to its proper receiver. 
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The frame is returned to its level position, and is ready for refilling 
with crude material (fig. 87). - ^ 
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In working this plant in a tropical country, trouble was experienced 
in cooling the wax contents of the trays uniformly. When the 
sweating chamber became heated with the steam coils, it was im- 
possible to cool it and the trays to the proper point, without a con- 
siderable loss of time, because of the slight diflPerence .between their 
temperature when newly filled with scale and that of the atmosphere. 
To overcome this, in one refinery, two frames were fixed on wheels 
and arranged to be pulled out of, or into, the sweating chamber at 
will, a capstan being used for this purpose. A frame, while outside, 
and therefore removed from the influence of the heated building, is 
charged in the ordinary way. After cooling it is pulled into the 
chamber, and sweated, and on completion of that operation is pulled 
out into the open air. A second frame alternates, one frame entering 
the chamber every twenty-four hours. Working under tropical con- 
ditions, the capacity of the plant was increased 50 per cent, (fig. 88). 

Mr Henderson also invented another form of sweating plant 
which occupies less space than the tray form, i.e. more scale may be 
sweated in the same cubic capacity (fig. 89). This, which is said to 
give excellent results, consists of upright' cylinders, made of light 
sheet-iron, 9 feet high and 17 inches in diameter, within which other 
cylinders 7 inches in diameter are fixed. The 'latter are opened at 
top and bottom, and the annular space between them and the 
larger cylinders is fitted with a false bottom of gauze, a few. inches 
above the real bottom, where the outlet cock is placed. The inner 
cylinder is covered, on the side next the outer cylinder, with several 
plies of wire gauze. The manipulation is the same as with the 
trays, the scale occupying the space between the two cylinders. 
The wire gauze acts as a wick to carry off the sweats as they part 
from the scale, and drainage may be assisted by the suction of a 
steam injector. In another arrangement of this system the 
cylinders are placed in an iron tank instead of a room, and are 
cooled by water in place of air circulation. 

Another form of plant for sweating paraffin is that patented by 
Dr Pyzel, and ** consists of a long passage provided with rails or 
tramways on which the sweating vessels placed on trucks or cars 
are run into the oven." The heat is supplied by blowing air over 
a hot coil into the passage so that the sweating takes place pro- 
gressively as the trucks advance towards the outlet. An air-sluice 
arranged at each end of the tunnel ensures a minimum loss of heat 
when the vessels are entered or removed. The bottom of the 
passage slopes towards the outlet to facilitate the movement of the 
trucks, and the sweats are conducted into gutters arranged in the 
floor. The finished wax is melted in the outlet air-sluice (fig. 90). 

Crude scale may be transferred from the paraffin shed to the wax 
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refinery in the solid state, but where possible, it is more convenient 
to do this in the liquid condition by blowing it through pipes. These 
require steaming before and after each batch is sent through, to 
prevent clogging. 
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A.B-Outer cyliuder ; B dinner cylioder ; 0=^ Wax q>aoe ; D « False bottom and water space ; 
E«Qaiixe; FaBun-off pipes; 0* Heating coils. 

Fio. 89. — Henderson's sweating stove (cylindrical form). 

The ** sweats " are returned for redistillation, and the sweated wax 
(fig. 91), now of the desired melting-point, in one or more grades, 
passes through its final stage of refinement and decolorisation. 
Notwithstanding the treatment it has undergone, it still contains 
traces of colouring matter, which must be removed before it is 
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suitable for candle manufacture. With this intention it is mixed 
with or filtered through some decolorising medium. Charcoal, fuller's 
earth, Japanese acid clay, and infusorial earth have been employed 
with varying results. Bauxite — ^a British patent, No. 16,617/l9C8, was 
granted to Dr J. J. Hood and A. Gordon Salamon for the treatment 
of mineral oils with bauxite in 1908, and it is owned and worked by 
the Oil Refining Improvements Co., Ltd., 175 West George Street, 
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Fio. 91. — Sweated paraffin. 



Glasgow — ^has proved very efficacious, not only for this purpose, 
but for the decolorisation of kerosenes and lubricants, and it has 
also proved valuable in absorbing odoriferous bodies which other 
treatments failed to remove from distillates. The wax is best brought 
in contact with the bauxite by filtration. Before use, and after 
grinding to a suitable degree of fineness, it is incinerated until all, 
or nearly all, the water in combination which it contains is expelled, 
and to obtain a good effect, all free moisture must be eliminated from 
both wax and bauxite. Filtration is continued until the average 
filtrate possesses the intended degree of colour, and this may be 
accurately controlled by the use of a Lovibond tintometer adapted 
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for the examination of melted wax, as already explained in Chap. I. 
For large manufacturers a filter containing 1 ton is a convenient 
size, as it permits 25 to 50 tons of wax to be filtered at each charge 
of bauxite. A filter of this tjrpe should be made without any seams, 
except for the run-off at the bottom. When the material is exhausted, 
it is discharged into a trolly for conveyance to an extractor, where 




AsCk>nveyor for fresh bauxite; B= Bauxite filter; 0= Bauxite filter tUted 
to receive charge; D«Tilting arrangement; B™ Hopper or troll j 
for exhausted bauxite. 

Fio. 94.— Bauxite wax filter. 



the wax still adhering is dissolved out with petrol. A good type 
of extractor, which is particularly eflScient for the purpose, is that 
designed by George Scott & Son (London), Ltd., and illustrated by 
figs. 92 and 93. A tilting arrangement inverts the filter while 
still hot, causing the charge to sUde into the trolly (fig. 94). 
After the solvent is thoroughly expelled by steaming, the bauxite 
is conveyed to the incinerating furnace, where any remaining traces 
of hydrocarbon are burnt off, leaving it ready for use once more, 
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and practically in possession of its original decolorising efficiency. 
A rotary furnace is very suitable for this purpose. Such losses as 
are sustained are chiefly mechanical, and are due to the lightness 
of the material. 

To prevent traces of the filtering material reaching the finished 
blocks of wax it is, after decolorisation, passed through filter paper 
on its way to the cooling racks already described. The Bryson filter 
is an efficient apparatus for the purpose, and has to a great extent 
superseded the rather cumbersome cylindrical filter used for so many 
years (fig. 95). 
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CHAPTER VI. 

CANDLE MANXTFACTUBE. 

This involves the establishment of a complete department for the 
purpose. The building will be divided into rooms for melting tubs 
and pans, moulding machines, packing and boxing. Accommodation 
for storing supplies of materials will also be required, as considerable 
quantities of tissue paper and wrapping papers, labels and sealing- 
wax are used for making up the packets in which the candles are 
sold. Timber forms a large item among supplies, and is usually 
purchased ready cut in sizes convenient to make the boxes, which vary 
in dimensions according to the size of candle and number of packets 
to be sold. Timber so cut is termed " shooks." Those forming 
the sides of the box are stamped or branded with the market name 
of the candle and the name of the manufacturer. The shooks are 
fastened together with wire nails driven in by box-nailing machinery 
(fig. 96). 

. A is the hopper of the automatic nail feeder, and B the tracks 
down which nails run, and which are adjustable to different size and 
gauge of nails. C is the automatic cut-off feeder, and D the tubes 
down which the nails drop into the chucks, E, wkich carry the hammers 
and where they are held in vertical position until driven into the wood. 
As soon as this set of nails is driven, another lot fall automatically 
from the feeder into the chucks. The table, F, can be adjusted to 
suit the size of box, and on this the ends are nailed to the sides and the 
body of the box formed. G is a fence or guide, and H the operating 
foot lever. 

The machine is adjustable for nailing on bottoms to the bodies. 
The machine illustrated is driven by the motor, J, and will turn out 
500 to 600 boxes in ten hours. 

Paraffin wax becomes plastic under the influence of gentle heat, 
the lower its melting-point the more readily is it affected. Candles 
made from paraffin therefore *' bend " easily, and to prevent this a 
certain percentage of stearine is added. The amount necessary is 
regulated by the melting-point of the paraffin and by the climate 
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in which the candle is to be burned. The addition of stearine also 
imparts a ** skin " to the finished candle — ^paraffin wax alone being 




Fio. 96. — Box -nailing machine. 



apt to stick to the moulds. A good grade of stearine should be used, 
for, if it contains much oleic acid, the candle made from it wiU, on 
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being kept for a time, develop an unpleasant rancid smell and dis- 
coloratioii. 

The bending-point of a candle is determined by setting it in a 
perfectly perpendicular position in an air-bath with a glass door. 




Plan and elevation. 



As>Main steam pipe. 
Ba=Main water pipe. 
C= Separators. 
D= Jacket pans. 
E = Dirty tub. 



F= Drain pipe. 
G= Boiling-down vats. 
H= Candle machines. 
J s Inlet steam and water pipes andj 
valves to machines. 
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Fio. 97. — Plan of candle machine room. 



The temperature is then raised 5° F. every half-hour until the candle 

bends off the perpendicular. A number of candles may be tested 

in this way at the same time. Digitized by v^OO^lC 

Paraffin wax has a greater illuminating power than stearine, 
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therefore the larger the percentage of the latter added to the former, 
the lower the illuminating value of the composite candle. 

Candles may be made of any desired shade or colour by the 
addition of aniline dyes. 

Wicks are purchased from the cotton spinners, plaited into such 
number of threads and strands as are determined to be most suitable 
for consuming the material of a candle of certain diameter at an 
approximate rate of burning. These are chemically treated by the 
makers^ to ensure that they will be " self snufl&ng " when burned. 
Opinions differ as to the best chemical to use for this purpose, but 
ammonium nitrate, borax, ammonium phosphate, potassium chloride 
and chlorate have all been employed. 

When the wicks are *' pickled," or treated, by the makers, they 

may be reeled on paper bobbins, 
saving much time and labour in 
performing those operations at the 
candle factory. When wicks are 
purchased untreated, machines will 
be required for the purpose, and 
much care must be exercised in 
drying the wicks after impregnation 
and reeling them into bobbins of 
suitable size to suit the moulding 
Fio.9a-MeltmgpaiL machines. The arrangement of 

moulding machines, melting pans, 
and all the requisite connections for steam, water, and drainage 
are illustrated by fig. 97. 

The melting tubs are made of well-seasoned timber bound with iron 
hoops. The melted wax is run into these direct from the parafl&n 
decolorising plant, and the stearine added in the solid state. If 
it is not convenient to transfer the wax in the liquid condition, the 
blocks are melted together with the stearine, open steam being used 
for the purpose. This usually contains a certain amount of lime 
salts, which will combine with the stearine. The mixture is therefore 
clarified by the addition of oxaUc acid to precipitate any Ume present. 
The impurities are run off along with the condensed steam. The 
clarified mixture is now run into a steam-jacketed enamelled iron or 
aluminium pan (fig. 98), in which any traces of water or other im- 
purity will be readily detected and colouring matter added if tlie 
candles are to be tinted. Traces of water left in the candle will 
result in spluttering when it is burned, a defect which must be avoided. 
Numerous tools are used by the candle maker, and these are 
illustrated by fig. 99. The first to be used is the " jack " or filling 
can, which may be provided with one or two spouts. The latter 
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admits of both troughs of the candle-moulding machines being filled 
at one time. Fig. 100 illustrates a complete moulding machine, the 
clamp mechanism, and the operation of the piston in the mould. 

Water. 




Fig. 101. — Candle machine, showing steam and water connections. 

Figs. 97 and 101 show steam as well as water connected to the 
machines, but whether the former is required or not will depend on 
the climate in which the plant is to be operated. Hard wax candles 
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containing sufficient stearine to ensure high bending-point may be 
manufactured satisfactorily in the tropics with cooling water as high 
as 90° F. Under such conditions no steam connection is necessary, 




Fio. 102. — Candle-moulding machine (self-fitting). 

but in temperate countries, where the cooling water is low in tem- 
perature, the moulds must be heated to a point between that of the 
water and the melting-point of the wax before being filled. A little 
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practice will reveal the working temperature which yields best 
results. The out-turn from candle machines depends on the melting- 
point of the mixture and the temperature of the cooling water. 

The machines must be filled from the jack, rapidly and steadily, 
without splash or spillage, and suflScient melted wax left in the troughs 
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Fig. 103. — Night-light moulding machine. 

to allow the moulds to fill up as their contents contract on cooling. 
As soon as the machine is full, the cooling water is circulated until a 
proper degree of solidification is reached, and this also will be learned 
from experience of the material to be moulded. The surplus wax, 
now in a hard state, lying in the troughs, is removed with a *' spud/' 
care being taken to see that the material is sufficiently hard to retain 
the wick in a central position in the butt of the candles. The clampe 
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are now placed in position, and the lifting gear operated by applying 
to it a steady and vigorous pressure which raises the candles from the 
moulds into the open clamps. The jiistons are now at their highest 
position, and a catch applied to the pinion-wheel prevents their 
descent until the batch of candles has been shut into the clamps. 
This having been done, the catch is removed, the pistons lowered, 
and the wicks straightened in the moulds, when the machine is ready 
for the succeeding charge of melted wax. Filling and cooUng are 
repeated, but this time the wicks must be cut before the surplus wax 
is removed, the candles transferred from the clamps to a tray, and 
the clamp returned to the machine before the batch is *' liftftd." 




Fio. 104. — Draw-wick pan. 

Considerable care is necessary in operating candle machines to 
prevent damage to moulds and piston tips. 

Machines for making candles with " self -fitting " ends are fitted 
with a special removable plate for moulding the ends or butts, as 
shown by fig. 102. 

The manufacture of " night lights " is somewhat different, the 
wick being threaded in and attached to an " anchor " by hand. 

Fig. 103 illustrates a machine for making the " lights " and 
piercing them to receive the wick. Night lights are usually encased 
in cardboard, which retains the melted wax when the wick is lit. 
There are several types of night-light wicks, but the single cotton 
wick anchored to piece of tin is quite satisfactory. The prepared 
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wick is coated with wax of a much higher melting-point than that of 
which the light is to be made, and this is done by drawing it through 
a pan (fig. 104), containing the wax coating. A reeling arrangement 
is necessary for drawing the wick evenly through the pan. 

Candles are made in almost innumerable shapes and sizes to suit 
the markets in which they are to be sold. Fig. 105 shows a number 
of " fancy " shaped domestic candles. 

Picture " transfers " are used for decorating candles, sometimes 
with most pleasing results, and when this is done, after the picture 
is transferred to the candle, — ^a somewhat difficult task — ^it is allowed 
to dry, after which the candle is dipped in melted hard wax. This 
gives the completed candle a very smooth appearance. 

Wrapping of candles in papers, placing them in cardboard boxes 
or telescoping cartoons entails a great amount of labour,' as also does 
labelling, etc. 

The boxing of the packets, cardboard boxes or cartoons, also 
accounts for .much labour, and so far this operation has not been 
performed by machinery. 
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CHAPTER VII. 

CHEMICAL TREATBIENTS. 

These may be divided into three sections — ^those for (1) the Kght 
volatile fractions ; (2) for kerosenes and intermediate oils ; and (3) 
for lubricating oU base, heavy oil and paraffin, paraffin wax and 
high viscosity lubricating oils. 

The vessels employed, called " washers," are cylindrical in form, 
erected either in an upright or in a horizontal position. For benzine 
the agitation is produced by the operation of mechanical stirrers ; 
for kerosene and all the other oils air may be used as the agitating 
medium. To reduce evaporation to the minimum, benzine washers 
must be closed and a vapour outlet connected to a gasometer or 
absorption apparatus. For all the other oils it is unnecessary that 
the vessels should be gas-tight. 

There are two reasons for treating oil with chemicals — (1) to 
improve the colour, and (2) to render it pleasant to the sense of 
smell. The distillates from some crude oils are so pale in colour 
and satisfactory in smell that they meet market requirements with- 
out treatment other than distillation. Some require only filtration 
through a decolorising' medium, such as bauxite or fuller's earth, 
to render them of the desired degree of colour, and in this case an 
arrangement similar to that used for decolorising wax is used. 

The chemicals mostly employed for improving the colour are 
sulphuric acid (concentrated oil of vitriol) and caustic soda solution, 
whatever fraction is to be treated. The amount used varies with 
the colour of the original oil ; generally speaking, the darker the oil 
the greater the percentage of acid required. The oil, thoroughly 
freed from water, is filled into the washer and the necessary percentage 
of sulphuric acid (previously determined by experiment) added. 
Agitation is carried on for a given period, the heavier oils taking 
longer than the lighter. The contents are then allowed to settle until 
the tar subsides to the t)ottom. The latter is run off and conveyed 
to a special lead-lined tank, where it is washed free from acid and then, 
in a melted state, burned as fuel, as already mentioned in Chap. IT. 

177 12 
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The acid tar being separated, the oil is transferred to another washer, 
where any fre^ acid it still contains is neutralised by an agitation 
with a weak solution of caustic or carbonate of soda. This part of 
the operation is sometimes troublesome with the higher viscosity 
oils, as they are inclined to emulsify, a condition difficult to remedy. 
After neutralisation and final washing with hot water the oil 
is transferred to shallow tanks of large area, where it is settled by 
steam heat. These shallow tanks or '' bleachers " are arranged in 
buildings having a glass roof to admit as much light as possible ; 
some oik, at this stage, being considerably '* bleached " by the 
action of the sunlight. Lubricating oil washers are steam- jacketed 
and fitted with heating coils for the regulation of the temperature 
of the oil during treatment. For deodorising both petrol and kerosene 
fractions, litharge dissolved in caustic soda (sodium plumbite) is 
used. This treatment removes a certain amount of sulphurous 
compounds. It is a somewhat messy operation, as the sulphur 
combines with the lead salt and is precipitated as sulphide, forming 
a dark brown sludge which must be recovered. Permanganate of 
potassium is a suitable deodorising agent for some petrols and 
kerosenes, and if properly used gives good results. 

In treating lubricating oils, fuming sulphuric acid is sometimes 
necessary, and is generally followed by the usual C.O.V. treatment. 

Washers for petrol and kerosene may be of almost any capacity, 
provided that the means of agitation is ample. For the heavy lubri- 
cating oils, the author has had no experience of a larger capacity 
than 100 barrels, and is inclined to think this a convenient size for 
working oils likely to emulsify. It is recommended that a separate 
vessel be employed for each chemical used for treating the lighter 
as well as the heavy oils. 

In Chap. IX. constructional details of a* vertical washer will be 
found. 

The vortex system has been adapted to the washing of oils by 
Mr Robert B. Gray (Messrs Christie & Gray), and is very effective. 
It is claimed for it that the maximum of agitation is produced in 
the washer with the minimum expenditure in power. Fig. 106 
illustrates this system of washing. 

For the treatment of benzine a continuous washing plant has been 
suggested (English Patent, 29,833/1912), and is illustrated diagram- 
matically by fig. 107. The action of sulphuric acid, etc., appears to 
take place just as satisfactorily as when the chemicals and oil are 
lashed together by agitation. Referring to the illustration, it will 
be seen that the benzine to be treated is pumped into one or other 
of the vessels, A A, alternately, one discharging through the 
cylinders, B B B, containing the chemicals, while the other is being 
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filled with the raw material. Water is pumped into A, gradually 
displacing the benzine at a regular rate, thus forcing it through the 
chemicals and finally into the receivers, C. The whole is under 
pressure, so that there will only be a minimum possibility of loss by 
evaporation during the treatment. 

An outstanding development in the treatment of kerosene is 
the process for refining petroleum with liquefied sulphur dioxide, 
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A A-aVeaBels containing antreated benzine which is diaplaced by water ; A| A|->Dome provided 
with gauge glass to show when benzine is displaced ; B ■■Vessels containing chemicals; 
C— Beoeivers for treated benzine. 

Fig. 107. — EUevation and plan of continuous benzine washing plant. 

patented and worked successfully, on the large scale, by Dr E4eleanu, 
the eminent Roumanian chemist (British Patent, 11140/1908). 

The object of the process is to remove from kerosene those con- 
stituents which emit smoke when the oil is burned in an ordinary 
lamp. The process is a physical and not a chemical one, liquid 
sulphurous acid being a solvent for the smoke-producing constituents, 
leaving them undestroyed by chemical action, contrary to the effect 
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when C.O.V. or fuming feulphuric acid is used for their removal. 
There seems to be some doubt whether the separation is eflfected 
quite perfectly, but from a refiner's point of view the result is satis- 
factory, as will be seen from reference to fig. 108, which shows lamps 
burning (1) untreated distillate of the *' smoky " variety, and (2) the 




(After) (Before) 

Fig. 108. — Lamps baming oil before and after SO^ treatment. 



same distillate after the extraction of 15 per cent. " smoky/' con 
stituents with sulphur dioxide. The ''extract" would not burn 
^rithout emitting dense volumes of smoke. This process has also 
the advantage over the treatment with sulphuric acid in that it does 
not deteriorate the colour of the distillate nor produce the incrusta- 
tion of lamp wicks so common with highly treated kerosenes. In 
the pamphlet entitled ''The Edeleanu Process as applied to large 
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Refineries/' the principle and operation of the process is described 
as follows : — 

** The operation of Dr Edeleanu's process depends on the peculiar 
property possessed by liquid sulphurous acid of dissolving the 
aromatic and other heavy hydrocarbons present in petroleum dis- 
tillates. When such a distillate is shaken at low temperature with 
liquid sulphurous acid, the latter dissolves the above-named hydro- 
carbons, while leaving the paraffin hydrocarbons and naphthenes 
unaffected. Separation is simple, on account of the difference in 
specific gravity of the two Uquids, in accordance with which they form 
two distinctly separated layers. The process of solution is as follows. 
A certain quantity of liquid sulphurous acid is dissolved in the petro- 
leum distillate, the quantity depending on the temperature. Each 
temperature requires a certain degree of saturation ; the higher 
the temperature at which the experiment is carried out, the more 
sulphurous acid is necessary for saturation. As soon as the point 
of saturation is reached, any further addition of sulphurous acid 
separates out with the aromatic and heavier hydrocarbons, whereby 
separation into two layers takes place. By continuing to treat the 
distillate with sulphurous acid, it becomes increasingly poor in 
aromatic hydrocarbons, until at last there is on the one hand a 
purified distillate, and on the other an extract which contains the 
aromatic hydrocarbons dissolved in the sulphurous acid. The puri- 
fied distillate is almost free from aromatic hydrocarbons, and now 
contains much less dissolved sulphurous acid than at the beginning of 
the separation, owing to the gradual removal of those hydrocarbons, 
which are the particular solvents for the sulphurous acid. 

** The richer a distillate is in aromatic and heavy hydrocarbons, 
the more sulphurous acid is required to remove the same. With 
rising temperature, the solubility of the paraffin hydrocarbons and 
naphthenes — ^which at lower temperatures are almost insoluble — 
increases rapidly ; in contrast to the aromatic and heavy hydro- 
carbons, which are soluble in sulphurous acid at all temperatures. 
It follows from this that with A distillate rich in aromatic hydro- 
carbons, the most favourable conditions 'for treatment exist at a 
lower temperature ; while, on the other hand, in the case of a distil- 
late poor in aromatic hydrocarbons, the influence of temperature is 
not so4iotioeable. For instance, in the case of a Borneo distillate, 
which contains 46 per cent, of aromatic hydrocarbons, treatment 
with 66 per cent, liquid sulphurous acid at —7° C. produces no 
separation ; but separation takes place to a considerable extent 
at —10°. In the case of a Mexican distillate, which only*contains 
about 17 per cent, of aromatic hydrocarbons, treatment with an 
equal amount of sulphurous acid produces separation even at a 
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temperature higher than +10° C. It will thus be observed that each 
individual distillate requires special conditions of treatment in order 
that the most favourable results may be obtained. 

" The removal of the aromatic hydrocarbons from an illuminating 
oil distillate causes a lowering of the specific gravity and a raising 
of the burning capacity and illuminating power. The richer a dis- 
tillate is in aromatic and heavy hydrocarbons, the more distinctly 
stands out the improvement brought about by treatment with sul- 
phurous acid. The effect of the new process is clearly discerned 
when treating a Bustenari tlistillate. Whereas the chemical process 
hitherto employed is productive of a very inferior illuminating oil, 
which gives oflf a great deal of smoke even when the flame is turned 
down low, and which when burned in a 14'" cosmos burner develops 
only 7 candle-power, that illuminating oil refined by treatment with 
sulphurous acid is equal to the best American and Russian oils." 

Then follows this table illustrating the action of the old and the 
new methods of refining : — - 

TABLE VIII. — Tests of Oils before and after SOj Treatment. 



Origin of distillate. 



Roumanian oils — 

Bustenari . 

Campina . 

Moieni 

Tintea 
Galician oil — 

Tustanovice 
Gennan oil — 

Weitze 
Russian oils — 

Grosny 

Baku 

Maikop 
Burmah oil . 
Dutch-Indies oil — 

Borneo 

American oils — 

California . 

Peru . 

Mexico 
Scotch shale oil 



Refined in the usual way 

with sulphuric acid 

and caustic soda. 



Specific 
gravity. 



I 



•8195 
•8U8 
•8180 
•8190 



0^8084 
0-8190 



8158 
8185- 
8158 
8175 



0-8450 



8190 
8167 
8025 
7950 



Candle 
power. 



7 

10 • 
58 
84 

9-8 

105 

9^2 
11-7 

6 
10-8 

Bums in no 
lamp 

6-5 
100 
11-8 

9 



Treated according to the 

Edeleanu process with 

sulphurous acid. 


Specific 
gravity. 


Candle 
power. 


9990 


13 
15 
118 
13-2 


07970 


13-7 


0-8098 


13-5 


0-8072 
0-8145 
0-7996 
0-8007 


14-7 
13-8 
13 
16-6 


\ 0-8056 


14 


0-8110 
0-8068 
0-7926 
0-7810 


11-5 
13-6 
144 
16-2 



Regarding the utilisation of by-products and the effect of the 
process on distillates containing sulphur, the pamphlet continues : — 
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'^ The extract obtained in addition to illuminating oil contains, 
as mentioned, aromatic hydrocarbons and hydrocarbons rich in 
carbon. On account of their low-burning capacity they cannot 
be employed as burning oils ; nevertheless, by dividing the extract 
into two products by redistillation, the lighter become turpentine 
substitutes or, mixed with light benzine, motor-spirit of high efficiency, 
and the heavier a motor oil for Diesel motors. The extract is, there- 
fore, as regards the possibility of turning it to account, at least 
equally as valuable as the distillate. 

" Further experiments have shown that the extract can be resolved 
by special means into the lower homologues of the aromatic hydro- 
carbons. By pyrogenic distillation the hydrocarbons contained in 
the extract are split up ; and, besides a gaseous part, a large per- 
'centage of tar is produced. The latter is distinguished from the 
tar derived from stone coal by its higher content of the lower members 
of the aromatic series of hydrocarbons. 

** It is further to be noted that liquid sulphurous acid also possesses 
the property of dissolving out from crude distillates certain sulphur- 
containing constituents. For instance, by treating a Mexican 
distillate of 0-803 specific gravity and with a sulphur content of 
0*6 per cent., an oil is obtained which carries a percentage of sulphur 
of only 0-08 per cent., and yet another of 0-79 specific gravity and 
with a sulphur content of 0-46 could be reduced to a percentage of 
sulphur of 0-04." 

Fig. 109 is a copy of the diagram illustrating the operations of 
the plant, which has been designed to treat as much as 500 tons of 
distillate per day of twenty-four hours, and consists chiefly of five 
apparatuses : two coolers for cooling the sulphurous acid and distillate 
to the desired temperature ; a mixing vessel in which these liquids are 
mixed together, and in which the separation of the refined oil from 
the extract takes place ; and two evaporating vessels for recovering 
the sulphurous acid from the two separated fractions. The distillate 
must be filtered through salt to thoroughly remove any traces of 
moisture before it enters the cooler. By the introduction of efficient 
cold-exchanging apparatus, the cold liquids running off from the mixer 
preliminarily cool the oil and sulphurous acid entering the system. 
The final temperature is reached in the coolers through the action of 
a refrigerator. After the sulphurous acid is added to the oil in the 
mixer, in the proper quantity, it quickly settles to the bottom, taking 
with it the aromatic hydrocarbons, and has now a brown colour. 
The sulphurous acid, plus the extract, is then pumped through the 
cold-exchanging apparatus into the evaporating vessel, fitted with 
steam-heated coils, and the bulk of the sulphurous acid driven ofi 
through a condenser and returned to the reservoir, from whence it 
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enters on another cycle through the system. An auxiliary evapo- 
rator is employed to remove the final traces of sulphurous acid which 




L08fr^f-S02- 



Loss-of-SOs- 
0.3% 



Refined- product Extract 

(77 % from the distillate) f 23 % from the distillate) 

Fig. no. — Scheme of the Edeleanu process (Roumanian distillate). 

are difficult to remove from the extract, and this is done with the aid 
of a gas pump. 

The refined oil passes through similar operations in the vessels 
arranged for their treatment, and is finally washed with an alkaline 
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solution, and sometimes with a small quantity of sulphuric acid, if 
the colour is required as light as possible. The whole cycle of opera- 
tions takes about sixty-five minutes. Care has to be exercised to 
prevent any moisture entering the system, for, while liquid sulphurous 
acid, in itself, is inactive towards metals, when water is added to it, 
it becomes a very powerful corrosive. 

Fig. 110 illustrates the operation of the process on a Roumanian 
distillate. 

Following are the statements of working results abstracted from 
the pamphlet above referred to.^ 

" The working results of a plant with an average daily capacity 
of treating about 66 tons of distillate per twenty -four hours, as were 
reached in the plant at Ploesti, are set out in the following table : — 



(( 



Working Besolts of a Plant with a Daily Capacity of 66 Tons. 

Specific gravity of the crude distillate to be treated . . 0-820 

Average time of operation 1 hr. 8 min. 

Quantity of distillate treated at each operation . . 3115 kg. 

Temperature in the mixer —10° C. 

Specific gravity of treated product 0-8028 

„ extract 0-8691 

Sulphurous acid left in the treated product 0*16 per cent. 

,, ,, ,, extract .... 0-36 ,, 

Figures of consumption — 

Consumption of fresh steam per operation 1200 kg. 

1000 kg. distillate . 386 „ 
„ ',, exhaust steam per operation . . 648 „ 

„ „ „ „ 1000 kg. distillate 208 „ 

Cooling water used per operation . . .17-1 cbm. 

„ „ „ 1000 kg. distillate . . .6-6 „ 

Loss of sulphurous acid per operation . .17-5 kg. 

„ „ „ 1000 kg. (distillate) . 6-6 „ 

'*From the above figures, the cost of treating a Roumanian 
Bustenari distillate can be calculated as follows : — 

^^ CSost of Treatment in a Plant of 66 Tons Daily Capacity. 

Cost of plant — 

Machines and apparatuses Frs. 130,000 

Buildings, construction, freight, duty, 

and other expenses . . . . „ 100,000 

Total . Frs. 230,000 ^OOglc 
^ ''The Edeleann ProoesB as applied to Large ReSneries.'* 
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Amortisation and interest — 

Amortisation = 10 per cent, of frs. 130,000 . Frs. 13,000 
= 6 „ „ 100,000 „ 6,000 

Interest on the invested 

capital=5 per cent. . ,, 230,000 „ 11,600 



Total . Frs. 29,600 

In 326 working days, at 66 tons per day, there will be 
21,126 tons treated, so that the amortisation and 
interest amount to frs. 1396 per ton, or per 



, JLW A-{^* ...... 

Maintenance, labour, etc. — 


. j?rB. 


Repairs, working materials 


Frs. .6000 


Wages and salaries .... 


„ 8000 


Insurance, \\ per cent. 


„ 3460 


Lighting and heating 


„ 2400 


Drying salt, unforeseen expenses 


„ 3000 


Total . 


Frs. 22,860 



The cost of maintenance and labour, therefore, 

amount to frs. 1082 per ton, or per 100 kg. . . Frs. 0-108 

Cost of materials — 

There are required for each 1000 kg. of distillate : 
386 kg. fresh steam at frs. 3-60 per ton . Frs. 1-36 
208 „ exhaust steam „ 1-60 „ ,, 0-31 

6-6 cbm. cooling water ,, 004 per cbm. ,, 0-22 

6-6 kg. sulphurous acid „ 18-00 „ 100 kg. „ 101 



Cost of materials per 1000 kg. . Frs. 2-89 

„ 100 „ Fes. 0-289 



The total costs of treatment, therefore, amount to . Frs. 0-537 
or practically frs. 0-64 per 100 kg. of distillate or 3-9 shillings per ton. 
It must also be taken into account that frs. 18-00 per 100 kg. of 
sulphurous acid is a very high figure, and refers to imported sulphurous 
acid. The cost of this material is very much lower when sulphurous 
acid is used which is produced in the country itself, or actually in the 
refinery. digitized by V 
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^^ CSost of Treatment in a Plant of 500 Tons Daily Capacity. 

Cost of plant — 

Machines and apparatuses Frs. 1,100,000 

Buildings, construction, etc. . . ,, 600,000 



Total . Pre. 1,600,000 

Amortisation and interest — 

Amortisation = 10 per cent.offra. 1,100,000 . Fre. 110,000 
= 6 „ „ 600,000 „ 26,000 

Interest on the invested 

capital =6 per cent. . „ 1,600,000 „ 80,000 



Total .. Fre. 216,000 

In 326 working days, at 600 tons per day, there will be 
produced 162,600 tons, so that the amortisation 
and interest amount to irs. 1323 per ton, or per 



xvfvr Xk.^, ...... 

inte nance, labour, etc. — 


. x-xo. vr xtp** 


Repairs, working materials . 


Frs. 40,000 


Wages and salaries 


„ 30,000 


Insurance, 1 J per cent. . 


„ 24,000 


Lighting and heating 


„ 10,000 


Drying salt, unforeseen expenses . 


„ 20,000 


Total . 


Fre. 124,000 


Brought forward . . . .- 


. Frs. 0132 



The cost of maintenance and labour, therefore, amount 

to fre. 0-763 per ton, or per 100 kg. . . . „ 0076 

Cost of materials — 

There are required for each 1000 kg. of distillate : 
386 kg. fresh steam at frs. 3-50 per ton Frs. 1-36 

208 „ exhaust steam ,, 1-60 „ ,, 0-31 

5'6 cbm. cooling water ,, 0-04 per cbm. ,, 0-22 
5-6 kg. sulphurous acid „ 1000 „ 100 kg. „ 0-66 



Cost of materials per 1000 kg. . . . Frs. 2-44 

„ 100 „ Frs. 0-244 



The total costs of treatment, therefore, amount to .(F're. 0-462 
or roughly, frs. 0-46 per 100 kg. of distillate or 3-26 smlBngs per ton. 
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In this oase, the oost of sulphurous acid is taken at frs. 10*000 per 
100 kg., sulphurous acid produced on the spot being reckoned. The 
cost of production is amply estimated throughout. 




I 



" The above tables are based on figures actually obtained from the 
existing plants. It is, however, to be anticipated, that with further 
perfection of the working of the process, the costs wUl'be reduced 

even more,'* " Digitized by VjO' 
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The manufacture of sulphuric acid and caustic soda are frequently 
included in the modern refinery.^ 

When raw materials are available, some refiners adopt the pro- 
cess, employed in other branches of chemical industry, for the pre- 
paration of the caustic soda liquor at the strength actually consumed 
instead of purchasing solid caustic. The raw materials consist of 
alkali (sodium carbonate) and lime. The process is briefly one of 
dissolving the alkali, boiling and gradually adding the lime. 

The plant which is almost universally employed for this liquid 
caustic is that made by Messrs George Scott & Co. (Ltd.), and 
one example of which, suitable for 18 Twad. liquor, is illustrated 
diagrammati^ally herewith (fig. 111). 

For liquor stronger than 18 Twad. an evaporator is required in 
addition. 

The profit saved in normaHimes is about £3 per ton of caustic, 
which would otherwise be bought. A 10-ton plant is stated to be 
capable of repaying cost of instalment in first year's work. 

^ Information regarding these processes will be found in Stdphnric Acid and 
Alkali, George Lunge, Ph.D., and in other works of reference. 
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CHAPTER VIII. 

DISTRIBUTION OF PRODUCTS. 

Liquid products may be despatched from the refinery to the consumer 
either direct in barrels, drums or tins, or in small bulk in railway 




Fio. 1 12. — Body trimming press. 

tank wagons or by tank motor lorry. The refinery may not be 
situated at a convenient distance from the market to be supplied 
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to permit of this being done economically, and in that case the liquid 
products will be despatched in tank steamers to balk installations, 
erected at favourable points, and where distribution in smaller 
quantities, as above, will be undertaken. Circumstances will therefore 
decide whether the machinery for making up packages will be erected 
at the refinery or at bulk installations. 

Petrol is usually packed in tins to contain 2 imperial gallons, 
drums (4 imperial gallons), and steel barrels (40-66 imperial gallons). 




Fig. 113. — Roll-hemming press. 

The steel plates used for the manufacture of petrol tins and drums 
are much thicker than those for kerosene tins, and each package 
is fitted with a screw plug which ensures a petrol-tight joint. The 
storage and distribution of petrol and kerosene in bulk and packages 
are in many countries controlled by Government, or are subject to 
railway companies' regulations, and the rules laid down with regard 
to the form of package and the materials of which it is to be con- 
structed should first be ascertained and must be observed. 

Petrol is sometimes distributed in 4-gallon tins, but these, owing to 
the lightness of the tin sheet of which they are made^^^^ijeQ)acked in 
pairs in a wooden case. 

13 
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Kerosene is packed in tins to contain 4 imperial gallons, or in 
wooden or steel barrels. The tins may be delivered in cases contain- 
ing two tins, if circumstances necessitate the additional expense. 
Lubricating and intermediate oils are generally distributed to large 
consumers in 40-gallon (imperial) wooden barrels, and to the small 
consumer in tins or drums of varying capacity. Drums containing 
4 and 5 imperial gallons are the usual capacity. 




Fio. 114. — Panelling and bending press. 

The manufacture and filling of the petrol tin, the kerosene tin, 
and the drum are all on the same lines, the class of tin sheet used 
being the chief difference. A description of the manufacture of the 
" hemmed edge " kerosene tin, therefore, will suflSce for all. Three 
sheets are required to form one tin, and these are made in standard 
sizes. Two sheets, the " body blanks," form four sides, and one the 
top and bottom. The body blanks are cut to the exact size in the 
trimming press (fig. 112), the cut or "trimmed " sheet then passes 
through the roll-hemming machine (fig. 113), which, by turning over 
the edges, gives greater rigidity to the completed tin. - 
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The sheets now pass to the panelling and bending press (fig. 114), 
which stamps the panels, hooks or folds the edges (for the vertical 
joint), and automatically bends the body at right angles at one 
operation. In the illustration the bent side and the complete tin are 
to be seen. The sides now pass on in pairs to the horning or groov- 




Fio. 115. — Grooving and homing press. 

ing press (fig. 115), which securely joins or locks the vertical seams of 
the body, one seam at a time. A machine for joining the two seams in 
one operation is also made. The body is now complete. 

The third sheet, forming the top and bottom, is cut and embossed 
by a power press ('fig. 116), in which the die for forming the bottoms 
or tops may be fitted alternately. There are innumerable designs 
for tin tops. Fig. 117 shows several well-known designs. ^ 
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The top and bottom are now attached to the body in the squeezing 
machine (fig. 118). The tin, now completely formed, enters the seam- 
rolling machine specially designed for economy in solder, which it 
accomplishes by securely pressing the seam between the top and 




Fig. 116. — ^Top and bottom cutting and embossing press. 

bottom and' the body (fig. 119). The screw caps, high or low shapes, 
are made in stamping, screwing, and crimping machines, the latter 
operation being that of attaching the bottom. Fig. 120 shows these 
two sizes of caps. The plain flat cap is made by stamping it from the 
sheet in a small, press at one blow. The tin handle (fig. 121) requires 
several operations, stamping, beading, and rolling, to form it. 
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Fro. 117.— Tops of cans. 
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The automatic wire-handle-forming machine is very ingenious, 
and that illustrated by fig. 122 completes 85 oval wire handles per 
minute. The tins are now soldered and the top and bottom seams 
are dipped in the dipping stove (fig. 123), which may be heated by 
either solid, liquid, or gaseous fuel, while the side seams are soldered 
by hand. The Averay Jones soldering machine (Eng. Pat., Asiatic 




Fig. 118. — Squeezing machine. 

Petroleum Co., Ltd., and H. Averay Jones, No. 21,830/1914) is an 
invention wonderfully successful in saving both labour and solder. 

The last operation in this department is to fill and close the tin 
with the cap. This is done on a filling machine, of which there are 
a number of designs. Fig. 124 illustrates a useful and convenient 
apparatus designed by Mr H. Simmons. Figs. 125 and 126 are fillers, 
by the same designer, for 2-gallon and 4-gallon petrol tins. The 
former is arranged to admit of two grades of spirit being filled at the 
same time. The screw, or flat cap, is soldered on by hand to close 
the tin. ^ 
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Fio. 119. — Rolling machiao. 




Fig. 120. — Screw caps. 
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The machine fig. 124 is for filling ten 4-English or 5-American 
gallon tins at a time. A central compensating tube passing through 
the whole line of measures is adjustable by the lever attached to the 




Pio 121.— Tin handle. 




Fig. 122. — Wire-handle machine. 




Fig. 123. — Dipping stove. 



indicator plate, between the end of first measure and operating 
wheels. 

The quantity delivered can thus be varied, enabling liquids of 
different gravities, or varying temperatures, to be filled into the tins 
at a fixed weight. ^ 
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The measures and all moving parts are correctly tooled to gauge. 
The heavy gun-metal outlet cocks are of special vertical pattern, 
with spring packed glands. Sliding sleeves fitted to the tail pipes 
of the cocks automatically descend through the opening in the tins 
as the cocks are turned on by a half-turn of the side hand-wheel. 

The square table (built of steel) revolves on light wheels, fitted 
with ball bearings, round a fixed pivot attached by radial bars to an 
angle iron ring forming a wheel race. 

In working, empty tins are placed on one side of the table, while 
those on the front are being filled, caps are being soldered on the 
full tins on the opposite side, and at the same time those at the back 
are being removed. The table is turned round one side for each 




Fig. 124. — Filling machine (four gallons). 

operation, and is brought to rest in the correct position for filling 
by the locking gear, as shown. 

The operation of filling and emptying the measures occupies 
from thirty to forty seconds. 

The double- and plain-seam tins are also largely employed for 
the distribution of kerosene, etc., and the machinery for making 
them diflfers slightly from that described above. 

Some makers test all petrol and kerosene tins and drums with 
air pressure to ensure that no ** leakers " reach the filling machines, 
and in the modern tin factory all forms of conveyors are employed 
to reduce labour to a minimum. 

Petrol tins are returnable for refilling, and must be cleaned. 
For this operation there are several designs of machine, that of 
Mr H. Simmons being very efficient for removing moisture, grit, and 
other foreign matter (fig. 127). 

It consists of a strong galvanised tank, with a false bottom. 
A piston hand-pump of large capacity is mounted on one end of thfe 
tank, and a filter pipe at the other supports a galvanised iron trough. 
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A longitudinal pipe connected with the pump carries a number of 
jets or sprays through which the petrol is pumped in a multitude 
of powerful jets, washing the entire internal surface of the inverted 
tins. The petrol as it leaves the tins is caught in the trough, and 
passing through the filter returns to the tank and is used over and 
over again. A gland cock is fitted to the tank for drawing oflF. 

Two-gaUon petrol tins and 4-gaUon drums are painted. They are 
dipped in a trough containing the paint mixture, allowed to drain, 
and then " stoved " to render the coating as hard as possible. Tins 




Fig. 127. — Petrol tin washing machine. 

which have been in circulation, and consequently tarnished, aie 
washed free of the old paint in a soda solution, dried, and repainted 
before refilling. 

The welded steel drum or barrel of varying capacity is a reliable 
package for the transport of inflammable liquids. The Steel Barrel 
Co., Ltd., Uxbridge, Middlesex, are makers of these and all forms 
of welded tanks for petrol storage. Their system of petrol storage 
and measurement, for garages and works where petrol is used, is 
exceedingly simple, which in itself is a great recommendation. The 
spirit is stored in an underground welded tank which will not leak, 
and can therefore be set in concrete. It is galvanised, after being 
otherwise completed, which absolutely prevents rust and depreciation, 
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and keeps the spirit clean. This storage tank is filled either from a 
tank wagon or from 
steel barrels in which 
the spirit is supplied. 
When delivered by tank 
wagon, the flexible hose, 
always carried by such 
vehicles, is screwed on 
to the tauk wagon outlet 
cock at one end and the 
other end to the filling 
pipe of the storage tank. 
This ensures the latter 
being filled under seal. 
The filling pipe contains 
a filter to keep all dirt 
out of the storage tank. 
The quantity received is 
checked by dipping it 
with a carefully gradu- 
ated rod. If the spirit 
is delivered in steel 
barrels, apparatus is pro- 
vided to pump it, under 
seal, from these into the 
storage tank through the 
same filling pipe, and in 
this case an additional 
filter is provided to pre- 
vent any dirt getting into 
the pump. 

A semi-rotary pump 
is used to raise the spirit 
from the storage tank 
into the measuring tank, 
from which it is delivered 
through a flexible hose to 
the vehicles, the quantity 
being read oS on a gauge. 

Tne accuracy of the 
measuring tank is guar- 
anteed by the fact that 

all measuring tanks are stamped after careful testghydB/Ti^rdJSd^l^di 
the Board of Trade. All the connections are under lock and key. 




Fio. 128. — Underground welded tank. Petrol storage. 



204 



PETROLEUM REFINTNO. 



There is no leakage or waste of spirit, which is handled rapidly anl 
cleanly, and, as it can be bought much more cheaply in bulk thai 
in small packages, considerable economy is eflEected. Fire preniium> 
are less costly for storing and distributing in this way. 

Fig. 128 illustrates the arrangement described. The welded 
tank is situated beneath the manhole door in the foreground. Fig. 
129 is a 1000-gallon welded petrol tank suitable for a road motor 
wagon. 

The wooden barrel is largely employed for distribution. It 




[ Fio. 129. — Welded petrol tank for road motor tank wagon. Capacity, 1000 gallons. 

contains 40 imperial gallons, and is used for kerosene and all 
grades of oils up to the heaviest lubricants. These barrels are 
made in the United States and shipped to all parts of the world, 
where they are bought second-hand by local oil producers. If 
they are intact they will only require steaming, drying, and 
gluing, and the hoops driven up by hand perhaps, to make them 
fit for further service ; but if the staves have come apart, or 
should they be very dirty and are taken apart for scraping, the 
barrel must be re-formed and the hoops driven on tight. Fig. 130 
illustrates an apparatus in which staves are " set up " to form a 
barrel. The hoops are fitted on at this stage, and the ends put in. 
Fig. 131 is a machine, worked by hydraulic power, for pennanently 
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driving on hoops, which is easy to work and very efficient for the 
purpose. It is provided with a large number of arms which have a 
parallel motion, so that the faces of the drivers which come in contact 
with the hoop are always in a horizontal position. As each arm is 
independent of the others, the drivers will catch the hoop no matter 
how much the barrel may be out of the round, "[^he pressure can 
be adjusted to drive the hoops perfectly tight, and without danger 
of breakage. 

T.iis machine not only efiFects a great saving in hoops and an 
enormous economy in labour, but it hoops the barrels far more tightly 
and evenly than can be done by hand. 

In dealing with second-hand casks it may be necessary to make 
a large proportion of new hoops, and for that purpose labour-saving 
machines are obtainable. 

TiiB manufacture of new casks entails 
the setting up of extensive machinery re- 
quiring expcTt advice. Oil casks are made 
of American oak, and it has not been 
possible to obtain timber in other countries 
satisfactorily to compete with it. 

Trie cleaning of dirty barrels is accom- 
plished by inverting the barrel ovep a 
steam jet which enters the bung hole, the 
washings dropping into a trough which also 
forms the support for the barrels. An air 
current, blown over a steam coil (enclosed) 
or other means of heating, is driven gently 
through the barrels, carrying with it any 

moisture adhering to the inside. When the barrels are "glued," 
the glue solution is introduced while hot, the barrel turned over in 
all directions, and the excess solution drained out while still hot. 
After the glue has "set," the barrel is again dried. The painting 
and marking of the ends (trade name, weights, and shipping marks) 
take up a considerable amount of floor space, but this may be 
economised by storing the full barrels, ready for delivery, on racks, 
three or four tiers high, to which they are raised by a barrel 
hoist. . Filling may be direct from the tanks, the quantity being 
checked by deducting the tare from the gross weight, and this is 
the usual course with thin oils. When an exact quantity must 
be filled, measuring chambers are introduced between the tank 
and the barrel, and, if worked in pairs, filling will proceed with- 
out interruption. Fig. 132 is a design of measuring chamber 
adjustable to deliver either 39 or 49 gallons into the barrel. 
Automatic valve fillers are employed which prevent spillage. The 




Fig. 130. — Setting-up apparatus 
for barrels. 
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Fio. 131. — Hoop-driving machine. 
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Fio. 132.— Adjustable barrel filler. 
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general arrangement of this department will depend on the contour 
of the site. Barrels may be loaded into rail wagons from the 
floor-level of the filling shed, or, if levels so necessitate, they may 
be loaded into the wagon by means of a barrel hoist, operated either 
by hand or mechanically. Heavy lubricating oil when despatched 
in small packages is filled by pumps which deliver the exact 
quantity required. 

Many grades of lubricating oils may be delivered in bulk by tank 
steamer or wagons, but whether this is possible or not will depend, 
as already said, on the quantities to be sold and the situation of 
the refinery. 
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CHAPTER IX. 

ENOINEEBINO SPECIFICATIONS. 

SPECinCATION OF STEEL TANK TO CONTAIN TWO MILUON 
GALLONS OF OIL. 

Extent of Contraet. — ^This contract will include the supply, delivery, erection, 
and testing of one steel tank, 116 feet diameter by 30 feet 8 inches deep 
inside, all in accorda^nce with this specification and with figs. 133, 134, 
and 135. 

The contract will be subject to all the 'conditions and terms laid down 
in the general conditions issued by the purchasers, and it must be understood 
that these general conditions form part of the specification and contract. 

The company will provide the foundation under the tank, and will 
supply water for the first test of the tank bottom and the final test on com- 
pletion. If the .tank requires a second filling on test, the contractor will 
meet the cost of this or any subsequent refilling. 

Plates. — ^The bottom plates will be J" thick, with an annular outer 
ring I* thick. The sides will be in six courses, of which the first will be 
f* thick,-the second ^', the third 4", the fourth ^'', and the fifth and 
sixth i^ 

Curte. — The bottom curb will be of 5" x 5" x f " angle steel set to the 
required circle, machined on butts and covered with steel plate covers of 
section equal to the curb and not less than 2 feet long. The butting of 
angles must be a perfect fit ; no wedging will be allowed. 

The top curb will be of 3^" x 3^" x f angle steel, set to the required 
circle. This ciu-b to be machined on butts and jointed with steel plate 
covers of section equal to the curb and not less than 2 feet long. 

Holes in Bottom. — On the bottom of tank there will be five openings 
for lowering, each fitted with a stiffening ring and covered with a plate fixed 
by studs. 

Riveting.— The riveting will be as in Table IX. on following page. 

In all plates and angle curbs the rivet holes must be drilled to template. 
The holes in crown sheets may be punched in multiple machine. ■- 

All the joints will be lap joints. The rivet holes in all bottom plates 
and in the horizontal flange of bottom curb are to be countersunk on upper 
surface. 

The rivets will be hammered down inside of bottom. The I" rivets 
i?idll have countersunk holes arid be hammered down putside^he^othar 
rivets being hammered down or " knobbled " on outside. '^'^'^® ^ rN 

The rivet holes in plates and angles must coincide accurately when the 
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work is put together, and the plates must be pi^operly drawn together before 
riveting. No badly aligned work will be accepted and no drifting will be 
allowed. 

TABLE IX.— Particulars of Tank Riveting. 



Ist course sides — vertical 

2nd 

3rd 

4th 

5th 

6th 

Ist to 2nd — horizontal 

2nd „ 3rd 

S(rd „ 4th 

4th „ 5th 

5th „ 6th 

Bottom J -inch plates to J -inch 
„ J-inch „ „ j-inch 
„ finch „ „ f-inch 

Bottom angle to bottom 
plates 

Bottom angle to side plates 

Top angle t6 side plates 

Crown sheets to top curb 
„ together . 
„ „ to centre plate 



Diameter 
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Caulking. — ^The edges of all plates and of the bottom angle curb are to be 
planed for caulking metal to metal. No cloth or jointing of any description 
will be allowed in any of the joints. The corners of plates are to be machine 
thinned at the three-ply joints ; no thinning by heating and hammering will 
be allowed. 

Crown Sheeting.— The sheeting of the crov^Ti will be No. 12 B.W.G., 
riveted together and to the top curb. The seams are to be jointe4 with 
prepared cloth dipped in red and white lead, and the crown when finished 
must be gas-tight. 

The centre plate will be 6 feet diameter by ^^ thick. 

Framing. — The sheeting of the cover is to be supported on a framing 
of fourteen main rafters, fourteen intermediate rafters, one. circle of main 
purlin bars, and seven circles of intermediate purlins. 

The main rafters are attached at the centre to a framework of angles, 
flats, and plates forming a centre post. 

The bottom members of the main rafters will be tied together by one 
circle of angle bars. 

All the dimensions for the roof framework are detailed on fig. 134. 
Throughout this framework all rivet and bolt holes are to be drilled. Rivets 
are to be used wherever possible, and bolting will only be allowed on purlin 
bar ends and ends of main and intermediate rafters next centre. 

Fittings. — The fittings to be supplied with the tank are shown on fig. 135, 
and include the following : — ^ 
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One external ladder from ground-level to top of 'tank with intermediate 
stays to tank and S^ x i" flat piece at top fixed to the handrailing. At 
the top of the ladder there will be two special angle standards forming 
part of the handrailing. The ladder will be 15" broad and of the sections 
shown on drawing. 

A handrailing will extend romid the circumference and will consist of 
two rows of 1' bore wrought-iron tube, with forged wrought-iron standards. 
Twelve of the standards are to be tapped at top and to be fitted with an 
extension piece 18" long with sharp points. 

Two top mandoors 18" x 15' in opening with cast-iron frame and dished 
steel door complete with hinges, hasp, and padlock. The bearing siu-faces 
are to be machmed and scraped so as to give a tight metal-to-metal joint, 
and they must be perfectly gas-tight. For each door there will be pro- 
vided two bars 2 J" x 2 J" x i' angle steel, stretching from the outside of 
tank to the first row of purlins. These are to carry the weight of the door. 
One of the doors must be placed over the swivel pipe. 

Two side mandoors each 24" diameter in opening made of 6"x3" 
channel steel frame and |" dished steel cover plate. The channel frame 
is to be welded and machmed on outside surface. The door is also to be 
machined so as to make a thoroughly tight job. All holes are to be drilled. 

One set of swivel pipes 12" diameter and of the dimensions shown on 
drawing. Each set is to be complete with pipes, wire rope, hood, and 
winch. The stool outside tank is to be of cast steel. As the winch has to 
sustain a considerable weight, the greatest care is to be given to its con- 
struction. The worm is to be of forged steel machined from the solid and 
the worm wheel of cast steel. The gland round the swivel pipe' is to be 
packed with asbestos, which must be provided, and the joints made with 
asbestos millboard |" thick. 

Four 6" vacuum and pressure valves of approved type to be fitted 
on crown. 

Four flanged dipping cocks 3" diameter to be fitted to crown, of cast- 
iron gland pattern, and of full bore so as to offer no projection which might 
prevent the dipping rod passing freely. 

Testing. — ^The bottom of the tank is to be tested with water before 
lowering, the depth of water being at least one foot. After completion the 
tank will be filled to the top with water and allowed to stand full for at least 
forty-eight hours. Under both conditions the work must be perfectly tight. 

The water will be provided by the purchasers for one filling of the bottom 
and one filling of the tank, but any additional water required, owing to leakage 
or defects in the tank, must be at contractor's expense. 

Planting. — Before delivery the whole of the material is to be oiled with 
pure boiled linseed oil. After all the surface has been properly scraped and 
cleaned and all scale removed^ and before lowering, the bottom is to receive 
two coats of paint of approved quality. 

The painting of exposed surfaces after completion will be undertaken 
by the purchasers. 

GENERAL NOTES. 

Quality of Material. — The material throughout must be of the best quality > 
and most suitable for the purpose designed. The workmanship must be of 
the best class. 
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The tank is to be constructed of best selected mild steel capable of with- 
standing a tensile stress of 28 to 32 tons per square inch, with not less than 
20 per cent, elongation in 8 inches. 

The castings must be soimd and free from defects of all kinds, and where 
machined must present a solid surface. 

Preparattdn of Work. — To the utmost extent practicable contractors 
must complete work in their own premises, so that the amount of work to 
be carried out by them on the site may be reduced to a nunimym. 

Extent of Contraet. — ^It is to be understood that this contract is to be 
complete in itself ; that everything necessary for its completion, except such 
portions as are expressly excluded in the specification, are to be supplied 
and fitted by the contractor. All such furnishings and fittings as bolts, 
nuts, washers, grummets, jointing material of suitable nature, hangers, 
brackets, supports, etc., are to be supplied. If any detail shown on drawings 
is omitted in specification, or vice versa, or if any essential is omitted from both, 
it is to be imderstood that such omission is to be made good by the contractor 
and is to be included in his price. 

Erection Marks on Tanks. 

Various systems of marking for re-erection have been adopted where 
tanks have been partly erected and have to be shipped abroad. 

The system shown on fig. 136 has proved quite satisfactory. In the 
case of a tank to be shipped and erected at a distance from place of manu- 
facture the bottom plates, bottom angle curb, and first course of side plates 
should always be erected and marked before dismantling. The crown sheets, 
crown framing, and top course of sides should be erected complete and 
marked. The intermediate courses of sides need not be erected, but a sectioG 
the full depth of tank should be laid out and marked with a broad paintai 
band from top to bottom. It is a considerable help in picking out platen 
if each be marked with the course to which it belongs. 

When a number of tanks are ordered, distinguishing colours should be 
used for painting as well as a distinguishing letter which shotild be marker! 
on each piece belonging to the tank. 

Tanks for Benzine and Petrol. 

The foregoing specification may be used for tank^ containing crude 
kerosene, or fuel oils. For tanks to hold benzine and petrol the specificatio: 
should be more stringent. 

The top curb should be inside the tank, as shown on the altemativ 
sketch on fig. 134. The crown sheeting should be riveted at closer pitch. 

The roof should be absolutely gas-tight under a pressure of 6 inches c 
water. 

The top manhole should be made of steel plate with a bolted cover. 

Vacuum and pressure relief valves may be fitted, or the crown connecte 
to an external vessel or regulator which will control the pressure on il 
surface of the liquid in the tank. 

The riveting of side plates should be closer than for other tanks. Rivet 
I'' diameter should be pitched at 2" or^J" centres. 

Great care should be taken in drilling the plates and in riveting at sit 
All the bottom plates and the heavier plates of the sides should be count* 
sunk and the rivets well hammered down. The plates should be plaiM 
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on edges for caulking inside and outside. It is preferable on account of 
caulking that no plate be less than ^'^ in thickness. 

All seams and joints where possible should be accessible. Although 
expensive, it may be advisable to set the tank on walls about 4 feet from 
ground-level so that the bottom may be examined. 

Generally, too much care and attention cannot be given to the manu- 
facture and erection of a tank to hold benzine or petrol. 

No paint should be put on the plates until after erection aild testing. 

SPECIFICATION OF CRUDE Oa STILL 10 FEET DIAMETER 
BY 80 FEET LONG. 

Extent of Contract. — This contract will include the supply, delivery, erec- 
tion, and testing of one still, 10 feet diameter by 30 feet long inside, all in 
accordance with this specification and fig. 52. 

The contract will be subject to all the conditions and terms laid down 
in the general conditions issued by the purchasers, and it must be understood 
that these general conditions form part of the specification and contract. 

The company will provide the brickwork setting for the still, and will 
supply water for the test of the still. If the still requires a second filling 
on test, the contractor will meet the cost of this or any subsequent refilling. 

Still. — ^The still will be 10 feet diameter by 30 feet long, and will be made 
up of f ' and Y shell plates and f " end plates. Each end plate will be in 
one piece. These plates will be riveted together with J" rivets single 
at 2^" pitch for circular seams, and double at 3" pitch on horizontal 
seams, as shown in detail on fig. 52. The rivet holes will be drilled in 
position through two or more thicknesses. After riveting, all seams will 
be caulked oil-tight against a test pressure of 25 lbs. per square inch. 

The end plates of still will b^ stayed to the shell by gusset plates and 
angles as shown. 

Tn thjB still there will be fitted two horizontal flues of corrugated type, 
each in foiu* lengths riveted together and to the end plates. These flues 
will be 3 feet diameter outside the corrugjitions and 2' 8" inside on the 
smallest diameter. The flue plates will be i" thick. Rivets for flues 
will be |'x2J'' pitch, and the flues will be w-elded longitudinally. 

* Mountings. — On the top of still there will be fitted one dome 3 feet dia- 
meter by 4 feet high, and one manhole frame 24 inches diameter with cover. 
On the front plate under the flues will be fitted one 15''xri' M*Neil 
manhole and door. 

The still will also be fitted with one 6" diameter oil inlet pipe carried 
inside and to near bottom of stilt, and with one 6" diameter oil outlet pipe 
carried across length of still with bell-mouth opening, with 6' inlet and 
outlet valves and» by-pass valve, as shown on fig. 52. 

The- still will be fitted with one 3" diameter steam pipe carried to 
bottom of still and ending in a perforated tube lying along below flues. 
One 3' steam* valve to be fitted to this pipe in position shown. 

One special plug valve with rod and guide to be fitted in the run-off pipe. 
One set oil-lfevel gauges to be supplied and fitted, these to be of best class 
obtainable, of cast steel, and to have glasses 1" outside diameter. Four 
spare glasses are required for still. > t 

One 2^" bore equalising pipe with 2^" cock to be fitted near dom(§.^^^l^ 

One 3" deadweight safety valve of enclosed type and of approved 
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design to blow off at 5 lbs. per square inch, with cast-steel stool to be 
fitted to the dome. 

All the stools for these various fittings are to be of cast steel. 

SPECIFICATION OF DISTILLATE PREHEATER, DEPHLEGMATOR, 
AND SUPPORTING FRAMING. 

Extent ol Contraet. — ^This contract will include the supply, delivery, erec- 
tion, and testing of one distillate preheater, 6 feet 6 inches diameter by 
23 feet long, one dephlegmator, 3 feet diameter by 8 feet long, and support 
ing framing, all in accordance with this specification and fig. 54:. 

The contract will be subject to all the conditions and terms laid down 
in the general conditions issued by the purchasers, and it must be under- 
stood that these general conditions form part of the specification and 
contract. 

The company will provide all foundations and will supply water for 
the test of the vessels. If the vessels require a second filling on test, the 
contractor will meet the cost of this or any subsequent refilling. 

Distillate Preheater.— The preheater will be 6 feet 6 inches diameter 
X 23 feet long, and will be made up of f shell plates and i" end plates. 
Each end plate will be in one piece. An opening is left in one end for 
insertion of the coils. This opening will be covered by a f " plate rivet-ed 
on after the coils are in position. The plates will all be riveted with f 
rivets 2^" pitch for both circumferential and longitudinal seams. The rivet 
holes will be drilled in position through two or more thicknesses. The plates 
will be planed all round. 

Mounttngs. — ^The vessel will have the following moimtings : — 

One dome 30' diameter x 30" high of ^"^ plate with 6' cast-steel stool. 

One 16" manhole frame and cover. 

One 2" deadweight safety valve of enclosed type and of approved make 
to blow off at 6 lbs. per square inch with cast-steel stool on dome. 

One 6' inlet pipe carried to bottom inside with 6" valve and cast-steel 
stool. 

One 6* outlet pipe carried inside as shown with 6" valve and cast-steel 
stool and supports. 

One 6" by-pass valve with 6" wrought-iron or steel t^es. 

One 2" cast-steel stool on end with 2" gim-metal cock and wrought- 
iron or steel tee for run-off. 

One 2' ca^t-steel stool on bottom with 2" gim-metal cock and wrought- 
iron or steel tee. This cast-steel stool will be riveted to a steel piece 
12" diameter x 12" deep riveted to the shell. 

Four 4" wrought-iron or steel coils each in one piece, with fianges and 
jam nuts and supports as shown. 

Eight caat-steel stools for ditto. 

One set 8" inlet connections, consisting of 8" S bend and 8" branch 
piece with four 4" branches, all cast iron. 

One set outlet connections, consisting of two 4" x 6" x 3" special pieces 
and one 3" special piece, all cast iron. • 

One set oil-level gauges of cast steel with glasses 1" diameter, four spare 
glasses for each gauge. ^ ^ 

Three steel plate and angle stools curved to fit vessebyV^OO^lC 

Dephlegmator. — ^The dephlegmator will be 3 feet diameter x 8 feet long, 
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with two 8^ cast-steel stools, one 3" cast-steel stool, one 16" manhole frame 
and door, and two angle lugs riveted on. The dephlegmator to be fitted 
with f * steam coil and steam valve. 

One f " drain pipe to be provided for coil, carried to groimd-level and 
there connected to a steam trap of the requisite capa^city and of approved 
type. 

Supporting Framing. — The supporting framing will be formed of steel 
H standards with ^ross-joists at top. The standards will be 10" x 6* H, 
with bases, tops, and brackets riveted on. The cross-joists at top will 
be 10" X 5', with knees riveted on where possible. ' The middle struts will 
be 8" X 5" H and 8' x 4" H, with knees and gussets riveted on where pos- 
sible. There will be diagonal bracing on each transverse line of standards, 
and angle struts on each side of each transverse line for supporting the 
platform and dephlegmator. 

The platform will be formed of -fk" checkered plate bolted to 6" x 3" 
channels and angles, sufficient angles being provided to stiffen the plating. 
Holes are to be cut where pipes pass through. A handrailing is to be pro- 
vided all roimd the platform with forged wrought-iron standards. The 
platform will be bolted throughout with f* cup-headed bolts about 9" 
centres. 

A stair is to be provided in two portions with middle landing. The stair 
to be formed of flat stringers with checkered plate treads. These treads 
will be stiffened on the outside edge. 

SPBCinCATION OF RESIDUE PREHEATERS AND PLATFORM. 

Extent of Contract. — ^This contract will include the supply, delivery, 
erection, and testing of one set of residue preheaters and platform, all in 
accordance with this specification and fig. 55. 

The contract will be subject to all the conditions and terms laid down 
in the general conditions issued by the purchasers, and it must be imderstood 
that these general conditions form part of this specification and contract. 

The company will provide all foundations and will supply water for 
the test of the vessels. If the vessels require a second filling on test, the 
contractor will meet the cost of this or any subsequent refilling. 

Residue Preheaters. — The set will consist of two complete heaters with 
top and bottom vessels. The lower vessel will be 10 feet diameter x 26 feet 
long, of 4" shell plates with |".ends, all riveted with f" rivets at 2 J" pitch. 
The end plates wijl be stayed by gusset plates and angles. On one end 
there will be an opening for the insertion of the coils. This will be covered 
^y ^ V plate riveted on. 

The upper vessel will be 5 feet diameter x 26 feet long, of ^' plates 
riveted with f" rivets If" pitch. 

These two vessels will be joined by two 3 feet diameter connections of 
^^ plate. - 

All rivet holes will be drilled in position through two or more thicknesses. 
After riveting, all seams will be caulked oil-tight against a pressure of 15 lbs. 
per square inch. 

Each heater will have the following mountings : — 

One dome 30" diameter x 30" high with 6* cast-steel stool, on upper 
vessel. igitized by GoOqIc 

One 16" manhole frame and cover on upper vessel. ' ^ 
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One 2" deadweight safety valve of enclosed t3rpe and of approved 
pattern with east-steel stool, on dome. 

One 6" wrought-iron inlet pipe carried to near bottom at centre with 
6' valve and cast-steel stool, on upper vessel. 

One 6' wrought-iron outlet pipe carried inside with 6' valve and 
cast-steel stool and supports, on upper vessel. 

One 6' by-pass valve. 

One 3" cast-steel stool with 3" cock and 3' bend for lower vessel. 

Three 4' wrought-iron or steel coils each in one piece, with flanges, jam 
nuts, and supports as shown, in lower vessel. 

Six cast-steel stools for ditto. 

One set 6" inlet, outlet, and by-pass connections of wrought-steel, with 
six 4' valves and one 6' valve, on lower vessel. 

One 24' manhole frame and cover on lower vessel. 

One set cast-steel water-line gauges 1' glass, four spare glasses for each, 
on upper vessel. 

Cradles. — Cast-iron cradles are to be provided for the support of the 
lower vessels, three cradles for each vessel and each cradle in two pieces 
bolted together on the centre line. 

Platforms. — One platform to be provided in front of lower vessel (see 
fig. 58), the platform to be 3 feet wide of "^^' checkered plate and S'xS" 
xf angle steel. 

A platform to be fitted to the front of the upper vessel, supported on 
brackets carried from the connecting branches between lower and upper 
vessels. A ladder will reach from groimd-level to this upper platform. 
The ladder and upper platform will be fitted with handrailing on one side. 

The two preheaters will be stayed to each other by diagonal bars of 
3' X 3' X f ' angle steel. 

SPBCinCATION OF PITCH STILL 10 FEET DIAMETER BY 
25 FEET LONG INSIDE. 

Extent of Contract. — ^This contract will include the supply, delivery, 
erection, and testing of one still, 10 feet diameter x 25 feet long inside, all in 
accordance with this specification and fig. 59. 

The contract will be subject to all the conditions and terms laid down 
in the general conditions issued by the purchasers, and it must be understood 
that these general conditions form part of the specification and contract. 

The company will provide the brickwork setting for the still, and will 
supply water for the test of the still. If the still requires a second filling 
on test, the contractor will meet the cost of this or any subsequent refilling. 

Still. — The still will be 10 feet diameter x 25 feet long inside dimensions, 
and will be formed of ^^ and f '' shell plates and f '^ end plates. Each end 
plateiwill be in one piece and will be flanged for jointing to shell plates. 
The circular seams will be single riveted with l" rivets at 2 J* pitch, and 
the longitudinal seams double riveted with I" rivets at 3" pitch. All rivet 
holes will be drilled in position through two or more thicknesses. 

The end plates will be stayed to the shell by four gusset stays of f 
plate and 3"' x 3' x f* angle steel for each end. 

Mountings. — On the upper centre line of still there will be fitted one steel 
plate dome, 2 feet 6 inches diameter x 4 feet high of f plate, with one 
3' cast-steel stool and 3" deadweight safety valve of closed pattern on 
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top ; this valve to blow at 6 lbs. per square inch and to be of design 
approved by engineers. This dome will also be fitted with one S" cast- 
steel stool. 

One 24' diameter steel manhole frame and cover^will be fitted in 
position indicated on fig. 59. The flanges of frame and mandoor will be 
machined for jointing. 

The still will be fitted with one 5" cast-steel stool and 5" valve for oil 
' inlet. ^ 

The still will be fitted with one 3" cast-steel stool and 3' dipping cock. 

Th^ still will be fitted with one 3" open steam pipe arranged as shown, 
with two lines of 2" perforated pipe lying in bottom of still on angle bar 
supports. This 3' pipe will enter the still through a special cast-steel stool, 
and will be fitted with one 3" steam valve in the position shown. 

The still will be fitted with one tapered wrought-steel stool 6Y to 5", of 
special design for run-off pipe. To this stool will be attached one 5" gland 
cock, and this cock in turn will connect to the 6" main run-down pipe later 
specified. ■ 

To the still there will be fitted eight cast-iron supporting brackets attached 
to the shell plates by special bolts tapped through the plates and secured 
by nuts on outside. Cast-iron bearing plates are to be provided for placing 
under these brackets. 

SPECIFICATION OF STILL AND FITTINGS. 

Extent of Contract. — ^This contract will include the supply, delivery, erec- 
tion, and testing of one steel still, 7 feet diameter x 19 feet long inside, 
all in accordance with this specification. (Continuous stills, fig. 51.) 

The contract will be subject to all the conditions and terms laid down 
in the general conditions issued by the purchasers, and it must be understood 
that these general conditions form part of the specification and contract. 

The company will provide the brickwork setting for the still, and will 
supply water for the first test of the still. If the still requires a second 
filling on test, the contractor will meet the cost of this or any subsequent 
refilling. 

Still. — ^The still will be 7 feet diameter x 19 feet long inside dimensions, 
and will be formed of i" and f shell plates and A" end plates. Each end 
plate will be in one piece and will be flanged for jointing to shell plates. 
The centre seam of the J" plates will be double riveted with f rivets at 
2^" pitch, all other seams will be single riveted with f^ rivets at 2" pitch. 
All rivet holes will be drilled in position through two or more thicknesses. 

After riveting all seams will be caulked oil-tight, and before delivery 
the still will be tested under water pressure of 20 lbs. per square inch. 

The end plates will be stayed to the shell by four gusset stays of .plates 
and angles for each end. 

Mountings. — On the upper centre line of each still there will be fittjed 
one cast-iron dome, 12 inches diameter x 2 feet 3 inches high, with one 2* 
deadweight safety valve of closed pattern on top cover ; this valve to blow 
at 5 lbs. per square inch. Design of safety valve to be approved. 

One 18' diameter steel manhole frame and cover will be fitted. The 
flanges of dome and manhole will be machined on flat jointing surfaces. 

On the front plate of still there will be mounted one set of oil-level gauge 
fittings. These to be of cast steel with cocks and connecting pipes of 1' 
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fig, 137, As a rule receivers are erected in groups. 
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5000 GaUon Receiver.— -This receiver will be 7 feet diameter x 23 feet 
long with dished ends. The plates of shell will be A" thick and for ends 
f ", riveted with f " rivets at If pitch. 

The receiver will be riveted, caulked oil-tight, and tested with water 
against a pressure of 20 lbs. per square inch. 

For the receiver there will be supplied two cast-iron cradles of the design 
and dimensions shown. 

The receiver will be fitted with : — 

One 24" steel manhole frame and cover, machined on joints. 

One 2" cast-steel stool for dipping cock. 

One 2" dipping cock. 

One 4" cast-steel stool for inlet. 

One V inlet valve. 

One steel facing for water run-off cock. 

One 1 J* water run-off cock. 

One 6" cast-steel bevelled stool for outlet. 

One 6" outlet valve. 

One 4" ventilator with nickel gauze screen. 

Ladder and Gangway. — The receiver will be fitted with a gangway for 
access to the valves and pipes. This gangway will be 18 inches wide of 
i" checkered plate and 2|"x2J''x|'' angle steel runners. Access from 
ground-level will be provided at one end by a steel ladder 18 inches wide, 
as shown on fig. 137. As- a rule receivers are erected in groups. 

SPBCmCATION OF CONDENSER TANK 12 FEET LONG BY 8 FEET 
WIDE BY 7 FEET 6 INCHES DEEP, WITH RADIATOR PIPES; 

Extent of Contract. — ^This contra^ct will include the supply, delivery, 
erection, and testing of one condenser tank 12 feet long x 8 feet wide x 7 feet 
6 inches deep, all in accordance with this specification and fig. 69. 

The contract will be subject to all the conditions and terms laid down in 
the general conditions issued by the purchasers, and it must be understood 
that these general conditions form part of the specification and contract. 

The company will provide all foimdations. 

Condenser. — The condenser tank will measure 12 feet long x 8 feet 
wide X 7 feet 6 inches deep, and will be formed of J" steel plates and 2^" 
X 2J' X f " angle steel, with cross and l<9ngitudinal stays 2J" x f flat steel 
attached to vertical angle steel stiffeners of 2 J" x 2^" x |" section. 

The rivet holes in these plates and bars may be punched, but when 
erected must be quite fair and in good line. All plates and angles must be 
planed for caulking and comers thinped where necessary. Angle joints 
to be carefully butted and covered with angles not less than 18" in length. 

For the condenser tank there will be required 192 radiator pix)es of the 
form and dimensions indicated on fig. 69. The flanges on these pipes must 
be machined so that each pipe will measure exactly 6J' across. The 
pipes in condenser are arranged in two sections, each in eight vertical lines 
of twelve pipes, and these lines are connected on top to the vapour pipes 
from preheaters or stills. At the bottom each section is connected to a 
seal vessel which is connected to the run-down pipes. 

The radiator pipes are to be supported from bottom of condenser tank 
on steel channel bars, the lower bar in each case being riveted tojiank 
bottom plates as a stifPener. 
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Fittings. — ^The tank is to be fitted with one 4" cast-iron overflow 
pipe to ground-level, and with one 3* cast-iron sludge cock, and cast-iion 
connection to ground-level. 

The water inlet pipe will be 3" diameter with gun-metal gland cock 
and 3" pipe to bottom of tank. This 3" pipe will be connected to the 
main pipe on top of tank. 

One gangway 2 feet wide will be provided on the top of the tank with 
ladder from groimd-level. The gangway will be constructed of ^' check^^ 
plates carried on 3' x 3" x f " angle steel runners. 

The ladder will be constructed of 4' x f " flat bars and ^^ checkered 
plate treads, stiflened on outer edge by a flat bar riveted to each step. 
Care to be taken that these treads are arranged for easy ascent and 
descent. 

Single handrail will be provided along the gangway and double handrails 
on the ladder. These handrails to be of 1"' bore tube with 1' diamet'er 
solid standards. 

Testing, — ^Af ter erection the tank Mdll be tested by being filled with water 
to the top and left for at least twenty-four hours. It must be perfectly 
tight. After the tank has been satisfactorily tested each set of radiator 
pipes will be tested under a head of 10 feet and left standing for twenty- 
four hours. There must be no leaks. 

Note, — Almost without exception these condenser tanks are curanged in 
groups, in which case one ladder would be provided for the group and the gangway 
would be fitted eu^ross the complete set of tanks. 

SPECIFICATIOM OF CONDENSER TANK 12 FEET LONG BY 8 FEET 
WIDE BY 9 FEET DEEP, WITH COIL PIPES. 

Extent of Contract, — This contract will include the supply, delivery, erec- 
tion, and testing of one condenser tank, 12 feet long x 8 feet wide x 9 feet 
deep, all in accordance with this specification and fig. 68. 

The contract will be subject to all the conditions and terms laid down in 
the general conditions issued by the purchasers, and it must be understood 
that these general conditions form part of the specification and contract. 

The company will provide all foundations. 

Condenser. — ^The condenser tank will measure 12 feet long x 8 feet 
wide X 9 feet deep, and will be formed of J" steel plates and 2^" x 2^" x f ' 
angle steel, with longitudinal stays of 2 J* x f " flat steel attached to vertical 
angle steel stiffeners of 2^" x 2 J" x f " sections. • The cross-stays to be of flat 
iron combined with 5'x3'' H joists placed vertically. Along the bottom 
two 5" X 3" H joists will be fitted and riveted to bottom plates. 

The rivet holes in these plates and bars may be pimched, but when 
erected must be quite fair and in good line. All plates and angles must be 
planed for caulking and comers thinned where necessary. Angle joints 
to be carefully butted and covered with angles not less than 18" in length. 

For the condenser tank there will be supplied and fitted two complete 
coils of 4" cast-iron pipes. Each coil will include straight pipes and 
return bends of light pattern for lower end and straight pipes and return 
bends of heavy pattern for inlet to coil. All sockets on these pipes must 
be 7" deep. The inlet to each coil will consist of one cast-iron taper pipe, 
6" to 4", and of two 6* cast-iron bends. One 6" x 8" cast-iron tee-piece 
will connect the last-mentioned bends. 
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The worm end of each coil will connect out through the condenser tank 
into one vacuum vessel and into one seal vessel. These seal vessels are 
connected by two special 3* branch pipes to four 3* cocks controlling the 
four lines of V tail pipes which again connect to receivers. 

Condenser coils are to be supported from bottom of tank by four cast-iron 
blocks of required heights for each coil. 

Fittings. — The tai^k is to be fitted with one 4" wrought-iron overflow 
pipe to ground-level and with one 3" cast-iron cock and 3' sludge pipe to 
groimd -level. 

The water inlet jftpe will be 3" diameter with gun-metal gland cock 
and 3*" pipe to bottom of tank. This 3" pipe will be connected to the 
main pipe on top of tank. 

One gangway 2 feet wide will be provided on the top of the tank with 
ladder from groimd-level. The gangway will be constructed of ^^ checkered 
plates carried on 3" x 3" x f angle steel runners. 

The ladder will be constructed of 4'xf'' flat bars and ^^ checkered 
plate treads stiffened on outer edge by a flat bar riveted to each step. Care 
to be taken that these treads are arranged for easy ascent and descent. 

Single handrail will be provided along the gangway and double handrails 
on the ladder. These handrails to be of 1" bore tube with 1" diameter 
solid standards. 

Testing. — After erection the tank will be tested by being filled with 
water to the top and left for at least twenty-four hours. It must be 
perfectly tight. After the tank has been satisfactorily tested each coil will 
be tested under a head of 10 feet and left standing ifor twenty-four hours. 
There must be no leaks. 

Note, — Almost without exception these condenser tanks ore arranged in 
groups, in which ease one ladder would be provided for the group and the gangway 
would be fitted across the complete set of tanks. 



SPECIFICATION OF 20,000-GALLON VERTICAL OIL WASHER, 
WITH MOUNTINGS. 

Extent of Contract. — ^The contract will include the supply, delivery, 
erection, and testing of one steel washer, 16 feet 6 inches diameter x 16 feet 
deep, all in accordance with this specification and fig. 138. 

The contract will be subject to all the conditions and terms laid down in 
the general conditions issued by the purchasers, and it must be understood 
that these general conditions form part of the specification and contract. 

The company will provide the foundation under the washer, and will 
supply water for the test of the washer. If the washer requires a second 
filling on test, the contractor will meet the cost of this or any subsequent 
refilling 

WaSher. — ^The washer will be 16 feet 6 inches diameter x 16-feet deep on 
the cylindrical portion, with a conical portion 5 feet 6 inches deep to the point, 
and a domed cover rising 12" above the cylindrical part of the vessel. 

The cylindrical shell will be formed of |* steel plates and the conical 
part of J* plates riveted with f " rivets at 2^* pitch. The upper edge of the 
shell will ^lish with an angle steel curb 3" x 3" x f in section riveted to shell 
by }" rivets 4^" pitch. One ring of angle steel 3" x 3" x f in section will 
surround the shell and will be riveted to the plates with f " rivets at 6" pitch. 



)per cock a connection will be made to the oil run-off line.OOQlC 
ecessary pipe supports are to be included. 



APPENDIX. 

A UST OF REFERENCES USEFUL TO THE PETROLEUM REFINER 
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Abbreviations. 

The following are the abbreviations employed to indicate a large number 
of the publications in which the articles referred to appeared :-^ 



Abh, der Bahaer Abt. KaiserL 

niss. tech. Ges. 
AUgem. Oesterr. Ghem. t. Zeit, 

Amer, Ghem. Joum. 
Amer. Soc. Mech. Eng. 
Ann, ..... 
Ann. Accad. Scient. Fennicce 
AnncUi Ghim. Appl. 
Ann. Ghim. Phys. 
AUi R. Accad. Line. 
Ber. . . 



Bull. Soc. Ghim. . 
Bull. Soc. de Stiinte 

Bucuresii 
BvU. Soc. d'Encour. 

Bull. Soc. Mvlhouae 

Ghem. and Drug. . 
Ghem,. Gentr. (or Zentr.) 
Ghem. Ind. . 



din 



See Trudy bak. 

Allgemeine Oesterreichische Chemisch tech- 

nische Zeitung. 
American Chemical Journal. 
American Society of Mechanical Engineers. 
Annalen der Chemie. 
Ann. Accademie Scientiarum Fennicae. 
Annali di Chimica Applicata. 
Annales de Chimie et de Physique. 
Atti della Reale Accademia dei Lincei. 
Berichte der Deutschen Chemischen GeseU- 

schaft. 
Bulletin de la Societe chimique de France. 
Bulletin de la Societa de Stiinte din Bucii- 

resti. 
Bulletin de la Societe d'Encouragement du 

Nord de la France. 
Bulletin de la Societe Industrielle de Mul- 

house. 
Chemist and Druggist. ^^ , 

Chemisches Zentralblatti by Vj O OQ Ic 
Chemische Industrie. 
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Ghem. Rev. Harz Ind. 

Chem. Soc. Trans. 
Chem. Tech. Bev^. . 
Ohem. Trades Jour. 
Chem. Umschau . . 
Chem. Zeit. . 
Compt. Rend. 

Concr. and Constr. Eng, 

Ding. Poly. . 

Eng. Record 

Eng. and Min. J. 

Fdrb. Zdt. . 

Gomy Joum. 

Gummi'Zeit. 

J. Agric. Res. 

J. Am^. Chem. Soc. 

J. Frank. Inst. . 

J. Gasbel, 

J. Pharm. Chim. 
J. Ru68. Phys. Chem. 

J* Phys. Chem. . 
J. prakt. Chem. . 
J. Soc. Arts . 
Karlaruher Chem. Ges. 
KoU.Zeits. . 
Les Mai. Gras. 
Mem, der Kais. Rusa. t 
Met. and Chem. Eng. 
Min. and Scient. Press 
MiU. k. Mat. 



Ges. 



Mitt. k. t. Gew.-mus. in Wien 
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Oesterr. Berg. HtU. 
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O. and C.T.J.. 
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P. /nd. Techn. Rev. . 
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Transactions of the Chemical Society. 
Chemisch-Technische Revue. 
Chemical Trades Journal. 
Chemisches Umschau. 
Chemiker Zeitung. 
Comptes Rendus hebdomadaires des Stances 
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Concrete and Constructional Engineering. 
Dingler's poljrtechnisches Journal. 
Engineering Record. 
Engineering and Mining Journal. 
Farber Zeitimg. 

Mining Journal (Russ.), Petrograd. 
Gummi-Zeitung. 
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Journal of the American Chemical Society. 
Journal of the Franklin Institute. 
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Journal de Pharmacie et de Chimie. 
Journal of the Physical and Chemical Society 

of Russia. 
Journal of Physical Chemistry. 
Journal ftir praktische Chemie. 
Journal of the Royal Society of Arts. 
Karlsrtiher Chemische Gesellschaft. 
KoUoid Zeitschrift. 
Les Mati^res Grasses. 
See Zap. imp. Russk. 
Metallurgical and Chemical Engineering. 
Mining and Scientific Press. 
Mittheilungen aus dem koniglichen Material- 
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Mittheilungen des k.k. technischen Versuch- 
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Oesterreichische Chemisch-technische Zeit- 
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Oil, Paint, and Drug Reporter. 
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Proceedings of the Institution of Civil 

Engineers. 
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Revue de Petrole. 
Revue des Produits Chimiques. 
Scientific American. 
Scientific American, Supplement. 
Technical Journal (Russ.). 
Proceedings of the Baku Branch of the 

Imperial Russian Technical Society. 
United States Bulletin, Bureau of Standards. 
Journal of Fatty Matters (Russ.). 
Journal of the Imperial Russian Technical 
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Zeif&chrift fiir analytischen Chemie. 
Zeitschrift fur angewandte Chemie. 
Zeitschrift ftir Ehktrochemie. 
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AcBTALDEHYDE in P. Products. C. J. Robinson. R 232. 

Acetone. Solubility of P. Oil in, E. Wiederhold. J. prakt. Chem., 47, 3d4. 

L 551. 
Acid and Alk. Res. Utilisation of, A. Veith and C. Schestopal. Ding. 

Poly., 279, 21. J 366. 

Asphaltum obtained in Refining. See Asphaltum. 

Free, in Oils. Deter, of, D. Holde. Mitt. k. t. Ver., 1889, 116 ; 1890, 

151. 1112,1070. 

Recovered, J. Hausmann. P. 6, 2301. d 1149. 

Recovery of Sludge, U. Wedge, s 234. 

Regeneration of, from Waste. R. Ostrejko. A/ 3. See Waste Acid. 

Removal of Black, resulting from Purif . of Min. Oils. V. Falke. 

Chem. Zeit., 9, 1869. E ^60. 
Tar Res. -Rave's Process for Utilisation of, W. P. Thompson. O 303. 

376. 

Value of Oils. Deter, of, H. Loebell. Chem. Zeit., 85, 276. d 409. 

Waste, Utilisation of, St von Pilat and W. Starkel. P., 6, 2177. 

dl042. See Waste. 
Acids and Residues, Regeneration of, left after the Refining of P. Products. 

R. Wischin. K/ 51. 

Spent, Esters from, Fuchs and Schiff. Chem. Zeit., 19, 1469. O 56. 

Adsorption in connection with P. Products. L. Gurwitsch. P., 8, 65. 

e 1020. 
Irreversible, of Petroleum. M. A. Rakusin. oicJ^eSi^^Cj^ys- Chem.. 

48,720. ia284. 
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Aerial NavigatioQ. Application of P. to, H. Deutsch. Kf 37, 

Air Absorption and Influence of Light on P. and Products. R. A. Ostrejko. 

See Petroleum. 
Airships and P. x 99. 
Alkali Refining. Testing for Degree of, K. W. Charitschkow. Chem. Rev. 

Harz Ind., 1896 (36), 57. 297, 
Alkaline Residues. Dist. of, A. P. lidofif. West. shir. Wes., 1903, 128 ; 

Chem. Zeit., 27 ; Rep. 288. V 1289. 
Aluminium. Action of P. Products on, K. W. Charitschkow. Trudy bak., 
11 (1), 16. 443. 

Chloride, Action of, on a Normal Saturated Hydrocarbon. C. Friedel 

and A. Gorgeu. Compt. Rend., 127, 590. Q 1136. 

on P. A. M. M'Afee. k 737, 900 ; h 1002. 

on P. A. Pictet and I. Percynski. Bull. Soc. Chim., 19, 

326. il098. 

on P. Oils. F. Heusler. Z. ang. Chem., 11, 318. 584. 

on Unsaturated Compounds. W. C. Ganglofif and W. E. 

Henderson. J. Amer. Chem. Soc, 89, 1420. ia 956. 
American Oil and the War. A. C. Bedford, o/a 483. 
Analysis of Hydrocarbon Mixtures. A. Karpinski. 6/6 108. 

of light Oil. G. EgloflF. Met. and Chem. Eng., 16, 269. 

— of Oil from the Dingman Well, n/ 93. 

Interpolation Method of, J. J. Kessler and G. K. Mathiason. 

o66; d372. 



of Oils and Fats. Revision of Constants employed. R. T. Thomson 

and H. Ballantyne. I 588. 
Anim. and Veg. Oils. Detec. of Min. Oils in, F. Jean. J. Pharm. Chim., 

1889,20,337. 1113. 
.Aitiseptic Effect of Oils used for Preserving Timber. J. M. Wiess. 
d 1348. 

Properties of P. Products. K. W. Charitschkow. J. Russ. Phys. 

Chem., 46, 70 ; Chem. Zentr., 1914, 2196. g 763. 
Applied Chemistry. Dictionary of, Thorpe. (Longmans & Co.) 
Aromatic and Aliphatic Oils. Separation of, T. W. Harrison and F. M. 
Perkin. Analyst, 88, 2. a 114. 

Hydrocarbons. Est. of, R. Henriques.^ See Hydrocarbons. 

Hydrocarbons. Estim. of, A. Karpinski. 6/6 108. 

in Light Oil. Met. and Chem. Eng., 16, 259. iu 498. 

Asphalt. H. Endemann. Q 1005. 

Scient. Amer. Suppl., 84, 136. 

Analysis of, H. Endemann. 871 ; P 121. 

Gooch Crucibles for, B. Mears. q 477 ; h 855. 

and Bitumen. See Bitumen. 

. and P. Credo Deposit of, Boulangier. Compt. Rend., 1896, 14. 

P 432. 

. and P. Products at Lobsann. Jasper. Zeits. f. Berg.-Hiit., 44, 387. 

894. 

Colloid Chemistry of, A. Rosinger. KoU. Zeits., 15, 177 ; J. Chem. 

Soc., 108 (2), 200. 

-Composition and Refining of, 1 Washington Government JE^rinting 

Office, 1891-92. L 265. igitizedbyGoOQlC 
Deposits of Cuba. The, Herbert E. Peokham. x 461. ^ 
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^phalt. Differentiation of Natural and Artificial, E. Graefe. Z. ang. Chem., 

1916,29,21-26. % 411-412, 

Ductility Test of, T. L. Crossley. j 89. 

Examination of, M. Gary. Mitt. k. Mat., 1916, 83, 210-220. 

* 525-526. 

Methods of, A. Sommer. p 181. 

for Paving. Rep. to Dept. of Public Works, Philadelphia, 1894. 

M 796. 

Formation of, B. T. Brooks and I. W. Humphrey, ia 997 ; ja 746. 

' from P. Artificial Production of, C. F. Mabery and J. H. Byerley. 

Amer. Chem. J., 18, 141. 267. 

Industry. Recent Developments of, W. H. Delano. Proc. Inst. Civ. 

Eng., 162, 3. V 1047. 

^^ Relation to, of Colloidal'State of Matter. C. Richardson. Met. 

and Chem. Eng., 17, 650. 

Standard of Products for, J. Marcusson. Mitt. k. Mat., 1916, 

84,40. il099. 
Influence of Light on, R. Zaloziecki. Chem. Rev. Harz Ind., 1895 

(30), 1. 107. 
Investigations on, J. Kovdcs. Chem. Rev. Harz Ind., 9, 156. 

U 1077. 
' Joints. A. Unna. Ges. Ing., 1897, 260 ; Proc. Inst. Civ. Eng., 1898. 

Q 668. 
Modem, Pavement. C. Richardson. (New York : J. Wiley & Sons. 

London : Chapman & Hall, Ltd.) 
Native, Detec. of Coal -Tar Products in, J. Bengough. Mitt. k. t. 

Gew.-mus. in Wien, 7, 217. Q 185. 
Natural, Bitumen, Distinction from P., Pitch, and Coal-Tar Pitch. 

J. Kovdcs and S. Sotet. Chem. Rev. Harz Ind., 7, 8. S 564. 

Nature and Origin of, C. Richardson. Q 13, 118. 

Ponetrator. H. W. Mahr. 1 133. 

Question. S. F. Peckham. J. Amer. Chem. Soc, 17, 55. N 524. 

Specific Heat of, M. Kinoshita. Z. ang. Chem.. 80; Rep., 65. ia 597. 

Studios in, C. J. Frankforter. p 239 ; c 819. 

Theory of Perfeti Sheet Surface. C Richardson, k 463. 

Treatment of Res. for producing, Culmer. Rev. Prod. Chim., 2. 

356. S525. 

Trinidad, C. Richardson. J. Phys. Chem., 19, 241. h 412. 

Asphaltic Material. Chemical Examination of, S. W. Parr, B. Mears, and 
D. L. Weatherhead. q 751 ; b 1242. 

in P. Deter, of, L. Gur^vitsch. P., 9, 1303. g 1147. 

Oils. Sulphur and Formation of, H. Scheiber. Ber., 49, 2595. ia 285. 

Sand. ITtilisation of Canadian, Scient. Amer., 116. 326. 

A8})haltites. Identification of, J. Marcusson. Chem. Zeit., 38, 813, 822. 

g 739. 
Asphalts. Analysis of, S. P. Sadtler. J. Frank. Inst., 6, 383. 222. 

and Asphaltum. S. F. Peckham. Q 1003. 

and Bitumens. S, P. Sadtler. J. Frank. Inst., 140, 198. N 960. 

- - and Pitches. Examination of, E. Donath and B. M. Margosches. 

Chem. Ind., 27, 220. W 54L 
- - Chemical Composition of Natiu-al, Z. ang. Chem., 1916, 29, 346, 349. 

t 1099. . - 
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Asphalts. Composition of, Eng. and Min. J., 1891, 61, 43. J 40. 

Differentiation of Natural and Artificial, J. Marcusson. Mitt. k. 

Mat., 82, 419. h 1235, 
Natural, from Industrial Pitches. Hutin. Caoutchouc et Gutta- 
percha, 1916, 18, 8994. i 917, 
Distinguishing Natural and Artificial, R. Bratter. Mitt. k. Ver. Wien, 

1915,4,60-65. i412, 
Effect of Overheatiag, A. W. Hixson and H. E. Hands, ja 651 ; 

ia 920, 
Natural, and Oil Residuals. The Formolite Reaction of Nastukoff as 

appUed to, C Richardson, j 319. Notes by L. M. Law and 

J. Baker, junr. j 663, 

Oklahoma Rock, and their Use. L. C. Snider. P., 9, 974. h 30, 

Photochemical Properties of, P. Godrich. Monatsh. Chem., 86, 535 ; 

J. Chem. Soc, 108 (1), 978. 
Asphaltum. Acid obtained in Refining, F. C. Thiele. Chem. Zeit., 87, 

841. f781. 

Action of light on, V. Vojtech. Phot. Corr., 68, 284 ; Phot. J., 46, 

- 259. ¥-654. 

Analysis of, E. Bomemann. Chem. Zeit., 88, 1225. b 1242. 

S. F. and H. E. Peckham. P 424, 

and Asphaltic Substances in Min. Oil. See Mineral Oil. 

and A^halts. Tech. Analysis of, S. F. Peckham. Q 438, 

and Bitumen. See Bitumen. 

and P. Residues. Detec. of Coal or Lignite Products in Natural, 

H. Loebell. Chem. Zeit., 85, 408. d 528, 
and Pitch. Composition and Constitution of, K. W. Charitschkow. 

Chem. Zeit., 84, 142. c 262, 
Calcareous, etc. Analysis of, Prettner. Chem. Zeit., 88, 917, 926. 

6 983, 
Chemistry and Analysis of, J. Marcusson. Chem. Zeit., 88, 813, 822. 

g739, 
Deposits of, at Terek and Dead Sea. K. W. Charitschkow. Tech. 

West., 1, 74 ; Chem. Zeit., 81 ; Rep. 116. Z 401, 
Destructive Dist. of, K. W. Charitschkow. Rev. de Petrole, 1 (3) ; 

P., 8, 633. a 397. 
Detection of P. Pitch in, G. Halphen and J. Spiess. Les Mat. Gras., 

6, 3267 ; 7, 3369. / 1096 ; g 189. 

Determination of Natural, in presence of Artificial. J. Marcusson. 

Z. ang. Chem., 26, 91. / 223. 

of Paraffin m, J. Marek. Z. anal. Chem., 62, 553. / 819, 

of Softening Point. L. Barta. P., 7, 158. d 1367, 

Differentiation of Natural, and Oil. E. C. Pailler. I 286 ; g 470. 

Employment of, in Rubber Man. Gummi-Zeit., 16, 694. U 919. 

Examination of, H. Loebell. Chem. Zeit., 86, 4, 22. e 115. 

J. Marcusson. Chem. Rev. Harz Ind., 18, 47. d 480. 

A. Sommer. p 181 ; c 682. 



in Oils, Bitumen, etc. Deter, of, F. Schwarz. Chem. Zeit., 85, 1417. 

e63, - 

in P. Deposits. Formation of, R. Zaloziecki and C. Zielinski. Eighth 

Inter. Congr. Appl. Chem., 1912 ; Sect. Vc, Orig. Comm., 10, 335. 

e 863. 
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Asphaltum in P. Deter, of, D. Holde and G. Meyerheim. Chem. Zeit., 88, 

241,264. g303, 
Investigations of, G. Lunge and V. Krepelka. Chem. Zeit., 28, 177. 

W436. 
Natural, Detec. of Adulterants in. B. Malenkovic. Oesterr. Chem.-t. 

Zeit., 8, 123 ; Chem. Centr., 1905, 1283. X 638, 

Navaho, T. Rosenthal. Z. ang. Chem., 27, 422. g 739, 

Penetrometer. H. W. Mahr. 1 133 ; g 259. 

Preparation of, for Pavements and Other Purposes. E. W. Parker. 

Eng. and Min. J., 1891, 193. J 910, 
Residues. Utilisation of. Oil, Paint, and Drug Rep., June 24, 1912. 

e687. 
Syrian, for Printing Plates, etc. C. Fleck. Sprechsaal., 87, 111. 

W268, 
Technical Analysis of, L A. Lynton. J. Amer. Chem. Soc., 16, 809. 

N 315, 
Trinidad, Composition and Physical Structure of, C. Richardson. 

Proc. Amer. Soc. for Testing Mater., 6, 609. 6 419, 
Use of Acetone in Techn. Analysis of, S. F. Peckham. J. Frank. 

Inst., 141 (843), 219. O 298, 
Asphaltums. Saponifiable Constituents of Natural, J. Marcusson. Chem. 

Zeit., 88, 813, 8^2. g 739, 

Use of, in Painting. T. Niederlander. Chem. Zeit., 17, 1^, N 263, 

(See also Bitumen, Pitch, Mineral Oil, and Petroleum.) 
Assam. Petroleum Industry in, H. S. M. Jack, ra 263 ; ia 920, 
Atmometer-Gravimetroscope. The Gawalowski. x 199, 



" Bakuols " and K. 0. J. Jlimow. Chem. Zeit., 10, 1459. F 135. 
Bauxite. Analyses of, J. Beveridge. E 17, 

Composition of, H. Arsandaux. Compt. Rend., 148, 1115. 6 654, 

Purif. of P. with, F/80, 

in Spain. Analysis of, Chem. Trades Jour., 60, 214. 

Benzene, Toluene, and Xylene, Extraction of, from P. Products. C. Condrea. 

a/ 169, 
Benzine. P. Adam. Bull. Soc. Chim., 88, 274. X 325, 

and Benzene. Distinguishing between. Mitt. k. t. Ver., 18, 241. 

G53, 

Means of Distinguishing, A. Gawalowski. Chem. Zeit. Rep., 

21, 100. P 562. 
and Benzol. Method of Distinguishing, H. Mix. KoU. Zeits., 1915, 

17,7. tl67, 
as Motive Power. L. J. Meiro. Chem. Zeit. Rep., 1893, 158. 

L 819, 

Dist. of, E. Wild. P., 8, 668. / 277, 

Germicidal Power of, F. J. Farrel and F, Howies. J. Soc. Dyers and 

Colour., 24, 109, 166. a 465, 827, 
- — Inflammability of, D. Holde and Pelgry. Mitt. k. t. Ver., 17, 68. 

E749. 



in Germany. J. Schenkel. Chem. Ind., 18, 512. J 454, 

Purif. of, A. Gawalowski. Oesterr. Chem.-t. Zeit., 17 (22), 9. R 1113, 

• Russian Commercial, M. A. Rakusin. Chem. Zeit., 81, 6. Z 86, 



APPENDIX. 231 

Benzine. Spontaneous Inflammation of, M. M. Richter. Z. ang. Ghem., 
1893,218. L598. 

G. Just. Z. Elektrochem., 10, 202. W 368. 

Storage of, Effenberger. J. Gasbel., 49, 689. Y 843, 

G. Polack. J. Gasbel., 49, 337. Y 42Z. 

M. A. Rakusin. Chem. Zeit., 81, 6. Z 86. 

T. Rosenthal. Z. ang. Chem., 24, 289. d 348. 



Substitutes for, in Motor Engines. K. Dieterich. Z. ang. Chem., 27, 

543. hl8. 
Sumatra, A. Flachs. Allgem. Oesterr. Chem. t. Zeit., 20 (14), 3. 

U 1022. 

Testing of, R. Kissling. Chem. Zeit., 14, 508. / 824. 

Toluene, and Xylene kom Petroleum. G. Egloflf. Met. and Chem. 

Eng., 16,492. 
Benzines. Analyses of, and Comparison of Methods of Dist., H. S. Garry and 

H. J. Watson. W 701. 
Aromatic Hydrocarbons and. Distinguishing between. Mitt. k. t. 

Ver., 18, 241. 0.53. 
Commerical, M. A. Rakusin. Caoutchouc et Gutta-Percha, 5, 2504. 

bl7. 
Discharge in Earthed Receptacles containing, which has been electric- 
ally charged through flowing through narrow tubes. D. Holde. 

Z. Elektrochem., 191, 25, 195. i 826. 
Electrification of, F. Dolezalek. Chem. Ind., 1913 (6) ; P., 9, 24. 

g 1147. 
Est. of Alcohol and Ether in, H. D. Richmond. Analyst, 24, 201. 

R867. 

for Degreasing. Selection of, S. R. Trotman. Y 1202. 

Freezing-Point of, G. L. Cabot. Z 813. 

Russian, A. M. Rabinowitsch. J. Russ. Phys. Chem., 84, 201. 

U 607. 

Testing of, A. P. LidoflF and G.^ W. Petroff. V/ 171. 

Benzol- Aniline Man. in Russia. N. Pantiuchoflf. z 265, 

Benzols, Boiling-Point Tests of, F. W. Sperr. Met. and Chem. Eng., 17, 

586. 
Bitumen (Manjak), Barbadoes. G. du Bois. Zeits. fiir prakt. Geol. Chem., 

17,7. S524. 
and Tar from Res. and " Min. Naphtha." Kouindjy. Bull. Soc. 

d'Encour. Find. Nat., 94, 1116. O 533. 
Colloidal Capacity of, and Surface Phenomena in Relation to, 

C. Richardson. Scient. Amer. Suppl., 88, 198. 

Deter.' and Drying of, E. Bornemann. Chem. Zeit., 88, 1132. h 267. 

. Examination of, H. Kantorowicz. Chem. Zeit., 87, 1394, 1438, 1565, 

1594. g66. 

from Falkland Islands. Bull. Imp. Inst., 10, 400. e 1070, 

Liquid, Detec. of P. Pitch in, G. Halphen and J. Spiess. Les Mat. 

Gras., 7, 3369. g 189. 
Bitumens and Asphalts. S. P. Sadtler. J. Frank. Inst., 140, 198. N, 960, 
and Asphaltums, Production of, from P. Distillates. G. A. Le Roy. 

Sealed Note, 856, 1896 ; Bull. Soc. Mulhouse, 77, 147. Z 754, 
and their Res. Characteristics and Differentiation of Native, C. 

Richardson. Eng. Record, April 26, 1913. / 646, 
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BitumenB. Califomian, Technology of, S. F. Peckham. J. Frank. Inst., 146, 
45. Q751. 

Characteristics and Differentiation of Native, and their Residuals. 

C. Richardson, m 462, 

Colloidal Capacity of, C. Richardson. Met. and Chem. Eng., 17, 650. 

Differentiation of, C. Richardson and C. N. Forrest. X 310, 

Effect of Exposure on, Pr6vost and Hubbard, and C. S. Reeve. 

m i5, 260. * 

Experimental Contribution to the Knowledge of, G. Madema. 

Seventh Inter. Congr. Appl. Chem., 1909. b 694. 

Relations in Composition of Forms of Natural, C. F. Mabery. 

J. Amer. Chem. Soc., 89, 2016. ia 1123. 
Bituminous and Resinous Substances. Classification of, Herbert Abraham. 
mil. 

Binders. Cementing Value of, L. Kirschbraun. I 976 ; h 30. 

Bituminous Materials. Laboratory Manual of. (John Wiley & Sons.) 

New Needle for use in Testing. C. S. Reeve and F. P. Pritchard. 

J. Agric. Res., 1916, 6, 1121. % 626. 

Toughness of, C. S. Reeve and R. H. I-^ewis. J. Agric. Res., 

10,319. iall30. 

Minerals. Examination of, F. C. Garrett, e 314. 

Oils. Examination of, F. C. Garrett, e 314. 

Road Binders. Exanunation of, P. Hubbard. Proc. Seventh Int. 

Congr. Appl. Chem., 1909. d 201. 

Methods for Examination of, P. Hubbard and C. S. Reeve. 

U.S. Dept. Agric. Off. of Public Roads. Bull. 38. 
d 1443. 

Rocks of Estland. Fokin. Gomy Joum., 1913, 117; Chem. Techn. 

Rev., 1914, 391. g 1082. 

Roofing. Analysis and Testing of, H. Abraham, ja 1046. 

(See also Asphalt, Asphaltum, Pitch.) 
Bleaching by Exposure to Air. Theory of, A. and P. Busine. Compt. 
Rend., 112, 738. J 707. 

Dist. Residues. K. W. Charitschkow. West. shir. Wes., 6, 135 ; 

Chem. Zeit., 80 ; Rep., 35. Y 214. 
Boilers, Removal of Incrustation of, by P. F. W. Mann. Chem. Zeit., 

18, 863. M 875. 
Boiler Scale, Removal of, by P. Papier Zeit., 18, 2916. M 135. 
Boiling-Point Test of Benzols. F W. Sperr. Met. and Chem. Eng., 17, 586. 
Briquettes. W. Aleksiejew. Mem. der Kais. Russ. t. Ges., 1899 (4) ; Allgem. 
Oesterr. Chem.-t. Zeit., 17 (18), 5. R 1003. 

Man. of, U.S. Cons. Reps., June 1898, 254. Q 651. 

Burning Oil, Est. of Content of, in P. R. Zaloziecki. Chem. Zeit., 20, 645. 
679. 

Galician, Quality of, R. Zaloziecki. Naphtha, 1898 (15) ; Chem. 

Rev. Harz Ind., 5, 201. R 29. 

New Russian, x 404. 

Valuation of, R. Kissling. Chem. Zeit., 19, 2037. N 1069. 

Quality. Paraffin in Oils, Effect on, H. Schweitzer. Chem. Zeit., 19, 

. 1921. N1036. 

Solid Point, Relation to. H. Schweitzer. igiCheffpCZeit., 19, 1921. 

N 1036. 
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Calefornia Gasoline Situation. W. R. Hamilton. O. P. and D. R., 91 

(6), 60. 
Calorific Power. Relation of Density to, H. C. Sherman and A. H. Rropflf. 
J. Amer. Chem. Soc., 80, 1626. a 1053, 

Value of Crude P. M. Wielezynski. P., 8, 607. a 217. 

of Flame of Different Fuels. P. Mahler. Rev. Univ. des Mines, 

1904, 1 ; Proc. Inst. Qv. Eng., 166, 47. W 869, 

of Fuel. W. Hempel. Z. ang. Chem., 12, 350. 673. 

Deter, of, W. Thomson. E 581. 

Est. of, F. J. Rowan. Q 195, 308. 



of Fuels. Deter, of, F. Fischer. Z. ang. Chem., 12, 351. G 690. 

Motor Fuel. Levi. Rev. Techn. Brewers J., 41, 681 . X 1218. 
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for the Smithy. P., x 491. 

— Future of, B. Redwood. J. Soc. Arts, 62, 103. g 66. 

in P. Motors. Apparatus for Measuring the Consumption of, v 357. 

Internal Combustion Engines. Use of Heavy Oils in, F. Drexler. 

Oelmotor, 2, 125, 309, 433, 663 ; Chem. Tech. Rev., 1914, 358. 
g 1146. 

Liquid. E. N. Henwood. J. Soc. Arts, 42, 703. M 792. 

Imper. Inst. Jour. N 699. 

V. B. Lewes. J. Soc. Arts, 61, 666, 690, 702. / 646; Uf 121. 

G. Stockfleth. J. Soc. Artfl, 42, 616. M 625. 

H. Tweddle. Eng. and Min. J., 1899, 459, 488, 617. R 1109. 

L.T.Wright. F 35. 

(P). E. L. Orde. P. Ind. Techn. Rev., 8, 450. S 1092. 

Admiralty Specification, / 859. 

Advance of, The, P/ 47. 

Advantages of, R. Vance. New York Evening Post Suppl., 

August 31, 1917. 

and its Apparatus. W. H. Booth. (Constable & Co., Ltd.) 

and its Combustion. W. H. Booth. (Constable & Co., Ltd.) 

J. S. S. Brame. ra 194. 

and its Economic Aspects. J. S. S. Brame. Lecture. Sir John 

Ca«s, Tech. Inst., 1909. b 1115 ; N/237. 
and its Use for the Production of Power. W.^D. Kirkpatrick. 

U/255. 

and the Admiralty. P/ 4. 

Application to Large Internal Combustion Engines. H. Loebell. 

P., 17, 946. d793. 

British Government and, The, Q/ 137. 

Burner (Holden). Eng. and Min. J., 1894, 104. M 932. 

Chemical Examination of, W. H. Patterson. / 218 ; U/ 119. 

Crucible Furnace for Burning P. W. E. Crane. Eng. and Min. 

J., Dec. 23, 1893, 644. M 21, 

Discussion on, L 994. 

Equipment for Burning, C. de Kalb. Eng. and Min. J., 81, 74. 

Y 114. 

Examination and Thermal Value of, The, Cost and Andrews. 

for Marine Propulsion. Scient. Amer. Suppl., 88, 128. 

for Steamships. Edwin L. Orde. x 136. 

for the Navy. Q/ 196. 

Gaseous and, V. B. Lewes. 

in California. Eng. and Min. J., 71, 79. T 234. 

in Metalltu-gical Furnaces in Russia. Eng. and Min. J., 69, 739. 

8 723. 

in Railway and Marine Services. Taite and Carlton, x 163. 

in the Unites States. D. T. Day. T/ 229. 

Industrial Application of, H". J. Stackard. 0/ 272. 

. Ijecture upon, J. J. Kermode. P/ 428. 

Question in Boryslaw. M. Wielezynski. P., 2, 486. Z 397. 

. Specifications and Sampling of, I. C. Allen. U.S. Bur. of 

Mines, Techn. Paper 3. d 1103. 
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Fuel, liquid, Trade. England's, LI281. 

Trial of, L. Lechatelier. Bull. Soc. d'Encour., 8, 1169. O 702, 

upon the Canadian Pacific Railway Co.'s Steamers. Captain 

G. W. Troup. R 329, 

upon Continental and Mexican Railways. Use of, 0/ 146. 

.Use of. I. Loew. Ding. Poly., 272, 364. H 53L 

Water in, Deter, of, P. Schlapfer. Z. ang. Chem., 27, 62. 

g 189. 

Motor. W. J. A. Butterfield. Times Eng. SuppL, July 23, 1913. f819. 

Prof. V. B. Lewes. 7/ 187. 

W. R. Ormandy. J. Soc. Arts, 62, 234. g 189. 

Compariison of, W. R. Ormandy. J. Gas-Light, 124, 680. / 1096. 

Peroxidised K.O. as, G. B. Selden. P., 9, 1304. g 1146. 



Oil. J. J. Kermode. T/191. 
-^_^__ v^ ^ liCwes 

E. Butler. (C. Griffin & Co., Ltd.) 

Advantages of Solid, J. Tarbotton Armstrong. T/ 193. 

and Internal Combustion Engines. Sir Marcus Samuel. S/ 231. 

as Applied to Steamships. Lecture. J. J. Kermode. Q/ 177. 

Depot at Plymouth. P/ 197. 



for the Navy. F/ 55. 

it/S Supply, Composition, and Application. E. Butler. (C. Griffin 

& Co., Ltd.) 

Plant with Babcock & Wilcox Boiler. A, v 331. 

Specifications for Government U.S.A. Sampling, etc. I. C. 

Allen. . o 730. 
Oil-Fired Converter. . An, Frank C. Perkins. /Sf/2^5. 

Donkey Boiler. Interesting Tests with an, &\ 69. 

On the Baku Fields. Decrease in the Use of P., P/ 87. 

Ore-Smelting by P. x 197. 

P. as, J. E. Reynolds. J 574. 

Petroleum, Crude, Burning, in Locomotives. W. N. Best, x 405. 

Purposes. P., for, x 196. 

Practical Testing of Oils for Gas and, L. P. Lowe, x 329. 



Smelting. Use of Oil for, E. H. Hamilton. Elng. and Min. J., 91, 224. 

d289; Q/72. 

Solid, Liquid and Gaseous, J. S. S. Brame. (Edward Arnold.) 

Tar as a, for Open Hearth Furnaces, m 252. 

Tests of Texas Oil as, y 201. 

Fuels. Deter, of Sulphur in, Use of the Water from* the Lewis-Thompson 

Calorimeter for, P. Falciola. Annali Chim. Appl., 1917, 8, 77-82. 

ia 1264. 

Introduction to the Study of, F. J. Brislee. 

Liquid, Deter, of Temperature of Spontaneous Ignition of, H. Moore. 

ial04. 

Tars and Heavy Oils as, Times Eng. Suppl., Feb. 4, 1914. g 193. 

The Science of Burning Liquid, W. N. Best. 

Fuller's Earth. U.S. Bureau of Mines (Bulletin 21). m 1028. 

and its Application to Bleaching of Oils. C. L. Parsons. 

J. Amer. Chem. Soc, 29, 598. Z 623. 

Change in P. effected by, D. T. Day anaigJzedBy©tt>i0glg 449 ; 

b 831. ^ 
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Fuller's Earth. Composition of, D. T. Day. J. Frank. Inst., 160, 214. 

S 1005. 
Diffusion of Crude P., through, J. E. Gilpin and O. E. Bransk. 

Amer. Chem. J., 44, 251. c 1146, 

Filtration of Baku P. through, V. F. Herr. P., 4, 1284. 6 9S2. 

through, C. Engler and E. Albrecht. Z. ang. Chem., 

1901,889. T1102. x 354. 



for P. Refining. David Wesson. Qj 39. 

Frac. by, J. E. Gilpin and M. P. Cram. U.S. Geol. Surv., 1907. 

a 1105. 

of P. by Diffusion through, J. E. Gilpin and P. Schnee- 

berger. Amer. Chem. J., 60, 59. / 818. 

(German) as a Decol. Agent. E. Graefe. P., 8, 292. a 16. 

{See also Florida Earth, Bauxite, Decolorisation.) 
Furnace. Assay, Crude Oil for the, W. G. Haldane. Eng. and Min. J., 96, 
1073. gl5. 

Crucible, for Burning P. W. E. Crane. Eng. and Min. J., 1893, 644. 

M21. 



Gas and Fuel Purposes. Practical Testing of Oils for, L. P. Lowe, x 329. 

Manufacture. Oil in, x 291. 

from Oil. Prof. H. E. Armstrong. C 462. 



Natural, Gasoline from, F. P. Peterson. P., 6, 2179. d 1041. 



Gaseous Combustion. An Important Report on, Dr William A. Bone. 

P/165. 
Mixtiffes, Temperature of Ignition of. J. W. M'David. Cliem. Soc. 

Trans., 1917, HI, 1003. ia 1264. 
Gases, Absorption of, by P. S. Gniewosz and A. Walfiscz. Z. phys. Chem., 

1,70. G772. 
Gas Oils and Derived Tars. Physical Contents of, W. F. Rittman and 
G. Egloff. k 481 ; h 705. 

Constitution of. The, Raymond Rose and J. P. Leather, y 605. 

Deter, of Viscosity as Means of Ascertaining Origins of, A. V. 

Hendrickson. J. Gas-Light, 128, 600. h 17. 

Identification of, F. E. Park and L. E. Worthing. Chem. 

Engineer, 11, No. 4 ; Chem. News, 108, 3. d 74. 

Valuation of, H. Hempel. J. Gasbel., 68, 53, 77, 101, 137, 155. 

c 261. 

L. Kalbfuss. J. Gasbel., 52, 933. b 1186. 

A. Spiegel. J. Gasbel., 50, 45. Z 143. 

Gasoline. Acid Treatment of, G. Egloff. Met. and Chem. Eng., 17, 156. 
American Government Specification for. Met. and Chem. Eng., 17, 

211. 
from Natural Gas. The Condensation of, G. A. Burrell, F. M. Seibert, 

and G. G. Oberfell. U.S. Bureau of Mines, Bulletin 88. 

from Natural Gas. F. P. Peterson. P., 6, 2179. d 1041. 

from Oil Well Gases. Making, F. W. Brady. R/ 133. 

Natural, Properties and Uses of. The, I. C. Allen and George A. 

Burrell. S/ 253, 285, 311. 
Practical Standards for, Anon. New York Evening Post Supgl.,- 

August 31, 1917. 
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Gasoline. Quantity of, Necessary to Produce Explosive Mixtures in Sewers. 

G. A. Burrell and H. T. Boyd, k 750 ; h 1003, 

• Situation. California, W. R. Hamilton. 0. P. and D. R., 91 (6), 60. 

Specifications for the United States Navy. New, V/ 679. 

Standardisation, Discussion of, at Bureau of Standards, U.S.A. O. P 

and D. R., 91 (5), 48 I. 

Standards. U.S.A. i 1209. 

Substitutes for, m 514. 

G. Mersereau. g 626. 



Supply of. M. A. Allen. IVIin. and Scient. Press, 116, 611. 

Synthetic. Electrochem. Soc., October 1917. ia 1266. 

Testing of, A. P. Lidoff and G. W. Petroflf. Neftj. Djelo, 1913 (13) ; 

P., 9, 614. g 1195. 
Unsaturated and Aromatic Hydrocarbons ; Effect of Aluminium 

Chloride on a Naphthene Base Oil in the Formation of, G. Egloff 

and R. J. Moore. Met. and Chem. Eng., 1916, 15, 340. 1 1098. 
— — Vapour and Air. Inflammable Limits of Mixtures of, G. A. Burrell 

and H. T. Boyd, k 414 ; h 60S. 

Vapotu- in Air. R. P. Anderson, ja 142. 

Deter, of, G. A. Burrell and I. W. Robertson, k 112; 

h267. 
{See also Benzine, Petrol, Motor Spirit, etc.) 
Grahamite. C. Richardson. J. Amer. Chem. Soc, 82, 1032. c 1146. 
Graphite (Colloidal) in Oil. Estim. of, D. Holde. Chem. Zeit., 41, 32. 

ia214. 
Detec. of, in Lubs. J. Marcusson and G. Meyerheim. Chem. Zeit., 

85,461. d634. 
for Lubrication. C. H. Bierbaum. Amer. Soc. Mech. Eng. Chem. 

Trades Jour., 61, 302. 
Greases. National Petroleum News. O. and C. T. J., 52, 2213. 



Heat Absorbed in Distillation of Crude Oil. Roy Cross. Oil and Gas 

News, 2, Nos. 5, 13, 1917. 
and Pressure. Modifications produced by, R. Zaloziecki. Z. ajig. 

Chem., 1897, 619. P 904. 
Decomposition of High Molecular Hydrocarbons by Moderate, 

C. Engler, 80, 2908. Q 143. 
Economy of, in Distillation. P. W. Uhlmann. Chem. Appar., 1, 177. 

g 741. 
Effect of, upon High-Boiling Min. Oils in Air. C. E. Waters, o 233 ; 

d608. 

of Combustion. E. Cramer. J. Gasbel., 84, 27, 48, 65. J 351. 

■ Calculation of, W. A. Roth. Ann., 407, 112. J. Chem. Soc., 

108, 145. 

of Oils, as Analytical Factor. H. C. Sherman and J. F. Snell. 

J. Amer. Chem. Soc, 23, 164. T 590. 

{See also Calorimetry.) 



of Vaporisation of P. Oils. E. Graefe. P., 5, 569. c 338. 

of P. Fractions. V. Syniewski, Z. ang. Ch^i^i., 1898, 621. 

Q/ 751. Digitized by GOOQIC 

Radiation. H. P. Gumey. o 807. ^ 
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Heat. Specific, of Californian P. H. E. Wales. I 727, 1039. 

of Heavy P. Fractions at High Temps. N. Karawajeff. 

Neftj. Djelo, 1913 (16) ; P., 9, 550. g 128. 

— of P. and Products. A. Scheller and V. Gheorghiu. P., 8, 533. 

/ 126. 

of P's. H. E. Wales. I 727 ; g 952. 

Thermal Properties of Naphthas and Kerosenes. Sbme, A. H. Gill 

and H. R. Healey. z 92. 
Transmission. H. P. Gumey. o 455. 



Henderson. Norman M'Farlane, Obituary. Chem. Trades Jour., 61, 654. 
Hexane and Benzene. Boiling Pts. of Mixtures of, D. H. Jackson and 

S. Young. Proc. Chem. Soc., 1898, 176. 
Hydrocarbon Mixtures. Analysis of, A. Karpinski. 6/6 108. 

O. Routala. Ann. Accad. Scient. Fennicae, Helsingfors, 

Ser. A 2, No. 13 ; Chem. Zentr., 1912, 638. e 861. 
Oils. Examination of. The. D. Holde. (New York : J. Wiley & Sons. 

London : Chapman & Hall.) 
Hydrocarbons. Aromatic, Est. of, R. Henriques. Chem. Zeit., 19, 958. 
N604. 

fr., P. and Bitumen. A. W. Adiasewich. Zap. Imp. Russk., 

29,93. 346. 
— — Identification of Various, F. Heusler. Ber., 80, 2743. Q 37. 
(defines, Naphthenes, Aromatics) from Dist. of Fats. C. Engler and 

T. Lehmann. Ber., 80, 2366. P 1010. 
Quantitative Separation of P. fr.. Coal Tar. R. Henriques. Chem. 

Zeit, 19, 958. N 604. 

Separation of, S. Young. Proc. Chem. Soc, 16, 22. 

Stability of Paraffin. G. Egloff and R. J. Moore. Met. and Chem. 

Eng., 16, 47. 
Unsaturated, Solubility of, in Acetone. Perdit and Jaguboff. Abh. 

der Bakuer Abt. Kaiserl. niss. tech. Ges., 1906 (7) ; P., 2, 325. 

Z145. 
Hydrometer Readings. Definition of, H. Gockel. Z. ang. Chem., 1898, 
867. QI1181. 

loNinoN of Gaseous. Mixtures ; Temperature of. J. W. M'David. Chem. 

Soc. Trans., 1917, 111, 1003. ia 1264. 
Uluminant. Min. Oil as an. Prof. V. B. Lewes, y 293. 
Illuminating Agent. P. as, W. Thoerner. Chem. Zeit., 10, 528, 553, 582, 

601. E371. 
Oils. Camphor Oil as Adjunct to, L. Gans. Chem. Rev. Harzlnd., 

6,304. Q/268. 

Deterioration of, M. Rostomian. v 307. 

Used in Italy. A. Volpi and R. Ruggeri. Ann. Lab. Chim. 

Centr. delleGabelle, 8, 119. P 787. 
Power of Burning Oil. Influence of Paraffin Content on, R. Kissling. 

Chem. Zeit., 22, 223. Q/564. 
of P. Influence of Composition upon, E. Alftan. Zap. Imp. 

Russk., 1887, 21, 107. F 650. 
of Resinous Constituents of P. Influence of, on,^ K. W. 

Charitschkow. Trudy bak., 10 (1), 39. 24. by GoOQlC 
Purposes. Quality of P. for, A. Gniselin. kf 423. ^ 
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Illuminating Value. Deter, of, W. J. Dibdin. Q 367. 

of K.O. and " Bakuols." J. Jlimow. Chem. Zeit., 10, 1469. 

F135. 
of Russian P. M. 'Albrecht. Chem. Rev. Harz Ind., 6, 189. 

Illumination. Economical Production of Good P., The, A. Guiselin. Kj 169. 

Modern Methods of Oil, Leon Gaster. M/223. 

Incandescent light. Kitson, The, v 501. 

P. New, X 464, 

Lighting. Oil Gas and, y 444, 

Inflaming Point of P., New Method of Deter. L. liebermann. Z. anal. 

Chem., 81, 391. A 490. 
Temp, of P., On the, Admissible in Practice." Z. anal. Chem., 21, 

329. A 490, 
Inflammability of Petroleum Spirit at Low Temperatures. J. H. Coste. 

Analyst, 42, 168.. 
Spontaneous, Alleged, R. Zaloziecki. Chem. Zeit. Rep., 24, 295; 

Nafta, 8, 33. S 1098. 
Inflammable Limits of Mixtures of Gasoline Vapour and Air. G. A. Burrell 

andH. T.Boyd. Z/475. 

Liquids. Minimisation of Fire Risks in the Case of, m 165. 

Vapours and Air. Speed of Ignition of Mixtures of, M. Hofsass. 

Kahlsruher Chem. Ges., July 10, 1914; Chem. Zeit., 39, 64. 

h214. 
Inflammation of Mixtures of Paraffin Hydrocarbons and Air. Lower Limit 

of, M. J. Burgess and R. V. Wheeler. Chem. Soc. Proc., 27, 262. 
Iodine Value of Paraffin Oil. J. Drayfus. J. Amer. Leather Chem. Assoc.; 
8, 394. b 84. 

of P. Oils. W. H. Smith and J. B. Tuttle. U.S. Bur. of 

Standards, Techn. Paper No. 37 ; J. Frank. Inst., 177, 
687. g700. 
W. H. Smith and J. B. Tuttle. I 994 ; h 38. 

Kebosbnb. Acid Test for, K. W. Charitschkow. Trudy bak., 1899, 257 ; 

Chem. Rev. Harz Ind., 7, 56. S 651. 
Alkali Test for, etc. K. Lissenko and A. Stepanow. IHng. Poly., 

290,139. M177, 

Commercial, M. Weger. Chem. Ind., 28, 24. X 126. 

Composition of Baku, J. A. Wankljni and W. J. Cooper. Phil. Mag., 

1894. M627. 

Deter, of Origin of, R. Jungkunz. Chem. Zeit., 89, 659. h 1080. 

Emulsions as Insecticides and Fungicides. F. T. Shutt. Caiiad. 

Dept. Agric. Ann. Rept. on Exper. Farms, 1906, 181. a 639. 
Examination of, R. Jungkunz. Chem. Zeit., 89, 641, 659. h 1003 ; 

1080, 

from Krieff. D. Kudisch. J. Russ. Phys. Chem., 84, 201. U 607. 

Improvement of Smoke-Forming, T. Katayama. I 469 ; g 683. 

in Germany. American and Russian, y 341. 

Lime as Reagent for Refining of, Chem. Zeit., 18, 1424. N 24. 

Methods of Testing, K. W. Charitschkow. P. Ind. Techn. Rev., 4, 1 10. 

T 352 ; d/373. p^,,,, ,^ GoOqIc 
Motor. The, Times Eng. Suppl., June 26, 1914. g 681. ^ 
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Kerosene Oils. Safety of, S. B. Newbury and W. P. Cutter. Amer. Chem. 

J., 10, 356. O740, 

Refining. K. W. Charitschkow. P. Ind. Techn. Rev., 4, 469. T 700. 

Relation between Temp, of and Explosion Press, of Supernatant 

Mixt., of Vapour and Air. W. P. Bradley and C. F. Hale, q 345 ; 

b694, 

Valuation of, R. Kissling. Chem. Rev. Harz Ind., 16, 212. a 933. 

Value of, K. W. Charitschkow. West. shir. Wes., 7, 14 ; Chem. Zeit., 

80 ; Rep. 142. Y 467, 
Testing. Dist. versus Fl. Pt., K. W. Charitschkow. P. Ind. Techn. 

Rev., 8, 595. T 238. 
{See also Lamps, Burning Oil.) 
Konovalofif. Professor M., the Late, Dr P. Dvorkovitz. K/ 149. 

Laboratory. Functions and Organisation of a Technical, B. D. Porritt. 

* 338, 340. 
Lamp. Amyl Acetate Standard, F. v. Hefner. J. Gasbel., 80, 489. O 202. 
Cause of the Diminishing Flame in, fed with Inferior K.O. T. Naka- 

mura. B 536. 
Combustion of Min. Oils in, P. Kouindjy. Bull. Soc. d'Encour., 

1895,943. N953. 
Composition of Gaseous Mixture Formed. H. Kast and F. Rose. 

Ding. Poly., 300 (4). 341. 

Elliott Standard, E. C. Uhlig. c 197. 

for Burning Light P. C. Lilienfein. C 652. 

Hefner, Fuel for, J. Gasbel., 84, 265. J 685. 

K.O. for, M. Alibegow and W. Dolinin. Ding. Poly., 266, 223. 

G112. 
Kumberg's New P., and Hoff's Multiplicator. Ding. Poly., 250, 409. 

101. 

Min. Oil, Sir F. A. Abel and B. Redwood. E 469. 

Oil and Varnish Spirits. Distinguishing between, D. Holde. Chem. 

Zeit., 87, 610. f 589. 
P. and Incandescent Spirit Lamp. Comparison of Ilium. Powers. 

Hayduck. Zeits. f. Spir., 1896, 80. 343. 

Redwood, Dr, and Oil, y 669. 

Roumanian, Oils. L. Edeleanu, D. G. Many, G. Pfeiffer, and Gane. 

P., 6, 385. dl22. 

Standard Photometric Oil, New, A. H. Elliott. HI 119. 

Photometry. Flame Standards in, E. B. Rosa and E. C. Crittenden. 

U.S. Bur. of Standards, Bull., 1914, 557. h 72. 
Lamps. Safety, Oils for, G. P. Lishman. Trans. North Eng. Inst. Min. 

and Mech. Eng., 55, 136. X 538. 
VariationB in Various Kinds of P. on Burning in. Junker. Rep. 

Anal. Chem. B 351. 
Leather Manufacture. Oil for, R. A. Earp. Leather, 2, 3. c 167. 
Lewis-Thompson Calorimeter. P. Falciola. Annali Chim. Appl., 1917, 

8, 77. ia 1264. 
light. Standards of, W. J. Dibdin. G 367. 

and Colour Theory. Lovibond. (E. & F. N. Spon, Ltd.) 

Lignite. Hydrocarbons from, Relations of, to P. G. Kraemef* 
Bottcher, Ber., 20, 595. F 504. ^ 
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" Liming " of Crude Oil before Distillation. A. P. lidoff. Mj 187. 
Lubricants. Acidity of, R. Kissling. Chem. Zeit., 16, 789. J 777. 

Detec. of Soap in, H. Schweitzer and E. Langwitz. M 1178. 

for Ships in Tropics. C. A. L. de Bruyn. Chem. Zeit., 17, 1412. 

M 257. 
for Spinning and Weaving Machines. Leipzeiger Farb. Zeit., 49, 24. 

S143. 

for Wool. T. Morawski. Mitt. k. t. Gew.-mus. in Wien, 2, 14. G 852. 

Functions of, y 643. 

Lab. Tests.of, P. H. Conradson. p 171. 

Man. of Pressure, A. M. Villon. Bull. Soc. Chim., 9, 1044. M 745. 

Mineral and Compound. J. L. Kauffman. Oil News, 1917, 317. 

New Method of Testing, J. Claudy. P. Ind. Techn. Rev., 2, 381. 

8 752. 

Oils and Greases. 1. 1. Redwood. 

Reclamation of Roll-neck, W. M. Davis, Blast] Furnace and Shell 

Plant, 60, 564. 

SoUd, P. Ind. Techn. Rev., 1899, 643. R 1113. 

Analysis of, D. Holde. Mitt. k. t. Ver., 1892, 4, 186. L 527. 



Solidified Min. Oils as, E. Donath. Chem. Zeit., 23, 62. B 282. 
Standard Tests for, Amer. Soc. Test. Mater., 1914. g 1018. 
Value of, A. Kunkler. Ding. Poly., 281, 297. J 1014. 

R. Kissling. Chem. Zeit., 22, 22. Q 187. 

F. W. Richardson and H. N. Hanson. X 315. 



Lubricating Capacity of P. Distillates. Cause of, K. W. Charitschkow. 
Chem. Rev. Harz Ind., 16, 132. b 648. 

Emulsions. Rev. Chim. Ind., August 1917, 197 ; Chem. Trades Jour., 

61, 463. 
Greases. (Changes Effected and to be Desired in Production and Market- 
ing of, A. J. GaUaghan. O. P. and D. R., 91 (7), 19. 

Greases fr. Calcium Soaps. D. Holde. Z. Chem. Ind. Koll., 8> 270. 

b98. 

Greases. Deter, of Soaps in, J. Marcusson. Chem. Rev. Fett. Ind., 

20,43. f297. 

of Air Compressors. C. W. F. Homer, o/a 535. 

Oil, Action of, on Metals. S. Aisinmann. Z. ang. Chem., 1896, 313. 

N 811. 

Deter, of Rosin Oil in, L. Storch. Ber. d. ost. Gesell. z. Ford. 

d. Chem. Ind., 9, 93. J 276. 

Evaporation Test for, L. Archbutt. 326. 

from Residues and Heavy Crude Oils. K. W. Charitschkow. 

West. shir. Wes., 8, 351 ; Chem. Zeit., 27 ; Rep. 102. V 547. 

Man. of, A. Veith. Chem. Zeit.,. 14, 901, 942. / 926. 

in Baku. A. Ragosin. Chem. Rev. Harz Ind., 9, 128. 

U 910 ; y 670. 

Mineral, Rev. Chim. Ind. ; Chem. Trades Jour., 61, 463. 

Oxidation of, H. Moore, n/617. 

Tester (Bailey's). W. I. Macadam. F 204. 

Testing. Experiences in, D. Holde. Mitt. k. t. Ver., 18 (6), 253. 

0138. 

Uniformity in Name and Specifications for* Independent, G. L. 

Sweeney. O. P. and D. R., 91 (7), 19. 
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Lubricating Oil. Use of Filtered, Xj 267. 

What is a Perfect ? David L. Gallup. X/ 131. 

Oils. A. C. J. Charlier. The Engineer, 1890, 305. / 1043. 

Action of Light and Air upon, C. E. Waters, p 451 ; c 1365.^ 

of Sunlight and Air upon some, p 451. 
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Transparent and Milky. H. Mittler and R. Lichtenstem. Chem. Rev. 

Harz Ind., 18, 104. Y 467. 
Use of, for Dyeing. Hermignies. Rev. Prod. Chim., 2, 227. R 1018. 

for Waterproofing Clothing. Cathoire. Chem. Zeit. Rep., 24, 

152. S 658. 
Wax, Analysis (Formolite Reaction). F. Sommer. P., 7, 409. e 115. 

App. for Refining. *N. M. Henderson, d 268. 

Cause of Transparencv of. L. Neustadtl. Chem. Zeit., 80, 61. 

Y 171. 

Examination of, F. Epstein and H. Polonyi. P., 7, 594^ e 322,. 

L. Singer. P., 4, 1038. b 789. Digitized by V^OOglC 



from Whitehaven Colliery. P. P. Bedson. Z 1224. 

17 



25B PETROLEUM REFINING. 

Paraffin Wax in Min. Oils. Deter, of, F. Schwarz and H. von Huber. Chem. 

Rev. Harz Ind., 1913, 242 ; P., 9, 235. g 1147. 

in P. Oil«, Deter, of. A. Scheller. P., 8, 1905. / 447. 

Industry of Austria. Application of Cold in, P. Porges. Z. ang. 

Chein., 27, 41. g 1042. 

Its Separation and Refining. A. Guiselin. Pj 369. 

Man. of, R. Zaloziecki. P., 5, 636. c 338. 

Refining of, R. Tervet. F 355, 500. 

Refractometric Examination of, D. Holde and H. Pranck. 

v., 9, 669. g242. 
Petrol and Alcohol. Comparative Fuel Vals. of, in Internal Combustion 

Engines. R. M. Strong and L. Stone. U.S. Bur., of Mines, 

Bull. 43, 243. f222. 
Tests on Internal Combustion Engines. R. M. Strong. U.S. 

Geol. Surv., Bull. 392, 38. c 337. 

Air-Gas. Generator for, W. Key. J. Gas Lighting, 110, 496. c 680. 

Lighting. Popular Systems of, F/ 605. 



Benzene in, Deter, of, G. Halphen. Les Mat. Gras., 3, 1987. c 1447. 
Composition of Commercial, B. Blount. Inst. Automob. Eng., 1909. 

h 419. 
Mixtures of, with Petrol and Alcohol as Fuels for Internal Combustion 
Engines. W. Watson, C. W. Frost, W. C. Lloyd, F. W. Richards, 
W. J. Stem, H. Shaw, and J. Wilson. Inst. Automob. Eng., 
Dec. 1914. h 266. 
on Tap at the Roadside, nj 460. 
Spirit. Di-isopropyl in Baku, O. Aschan. Ber., 31, 1801. Q 798. 

Electrical Excitation of, R. Kissling. Chem. Zeit., 17, 1773 

M 385. 

Methylpentamethylene in Caucasian, O. Aschan. Ber., 31, 

1803, Q 798. 

Storage of, A. Cooper Key. (C. Griffin & Co., Ltd.) 

White, A. and P. Andouard. J. Pharm. Chim., 15, 99. U 366. 



Standardising, o/a 122. 

Storage of, T. Rosenthal. Chem. Ind., 87, 150. g 343. 

Substitutes. Sir B. Redwood and V. B. Lewes. Times Eng. Suppl., 

July 23, 1913. f819. 
Velocity of Vaporisation of, D. Meneghini. Annali Chim. Appl., 

3, 235. h 603. 

Tasmania, from. Bull. Imp. Inst., 11, 87. / 477 

Petroleum, Alsace, from, E. Graefe. P., 2, 278. Z 85. 

in, Jasper. Gliickauf, 31, 215 ; Chem. Rep., 1895, 91. N 562. 

Optical Examination of, from, M. A. Rakusin. P., 3, 948. a 742. 

American, Absence of Nitrogen in, George Beilby. C 216. 

Asphaltic, of, D. T. Day. U.S. Geol. Surv. Min. and Eng. World. 

October 25, 1913. / 1057. 

Colour Reaction of, C. Arragon. Chem. Zeit., 33, 20. b 83. 

Composition of, S. Young. Proc. Chem. Soc., 1898, 175. 

Heptanes from, F. E. Francis and S. Young. Proc. Chem. Soc., 

1898, 176. 

Hexamethylene in, E. C. Fortey. Trans. Chem. Soc., 1898, 932. 

Hydrocarbons and Higher Alcohols in,r.G,.Xiemoine. Bull. Par., 

41, 161. C514. ^ 



APPENDIX. 259 

Petroleum, American, Hydrocarbons from, S. Young and (}. L. Thomas. 

Proc'. Oiem. Soc, 1897, 58. 
Industry. R. F. Bacon and W. A. Hamor. (Hill Publishing 

Co.; Ltd., London.) 
(South), Naphthenes in, C. F. Mabery and A. S. Kittelberger. 

Amer. Chem. J., 19, 374. P606, 

— ^^ Natural Gas and P. of, I. Remsen. c 857. 

Pentane from, S. Young and G. L. Thomas. Proc. Chem 

Soc, 1897, 68. 

Anapa, Investigation of, An, K. W. Charitschkow. JjOO. 

Aspheron Peninsula, in, S. Apresov. bja 267. 

r Industry in, A. Leproux. Proc. Inst. Civ. Eng., 118, 112. 

L 668. 

Argentine, L. Harperath. Z. ang. Chem., 16^, 545 ; Fifth Int. Congr. 

Appl. Chem. V 790. 

in. Engineering, Oct. 30, 1908. a 1105. 

W. Mecklenburg. Chem. Zeit., 84, 1150. c 1291. 



Assam, in. E. H. Pascoe. Mem. Geol. Surv. India, 1912 ; Bull. Imp. 

Inst., 1914, 474. g 1042. 
Austrian Export, Qualitv of, R. Zaloziecki. Naphtha, 12, 7, 21. 

W 654. 
Baku, Acids of Low Carbon Percentage Occurring in, O. Aschan. 
Ber., 26, 3661. .L349. Ber., 24, 2710. J 997. 

W. H. Deering. C 500. 

Industry in 1909. Board of Trade J., 1910, Apr. 21. c 549, 

Natural Gas and White, at, J. Gasbel., 52, 435. b 593. 

of, C. Engler. Ding. Poly., 260, 337, 433, 481, 525. E 472. 

Organic Bases in, G. W. Chlopin. Chem. Zeit. Rep., 24 (10), 

88. S 429. 

Oxidation Products of. V. F. Herr. Trudy bak., 1909 (5, 6) ; 

P., 5, 692. c549. 
White, at, J. Gasbel., 52, 435. b 593. 



Balachany-Sabuntschi-Rayon, Tar-like, from, K. W. Charitschkow. 

Zap. Imp. Russk., 9, 20. N 140. 
Beaumont, Sulphur (Free) in, C. Richardson and E. C. Wallace 
U 316. 
F. C. Thiele. Chem. Zeit., 26, 896. U 1271. 



Berea Grit, Investigations on, C. F. Mabery and O. C. Dunn. Amer. 

Chem. J., 18, 215. O 533. 

Berekei. Deposits of, K. W. Charitschkow. P., 2, 185. Z 14. 

Bibi-Eibat. Optical Activity of, M. A. Rakusin. J. Russ. Phys. 

Chem., 39, 802, 1343 ; Chem. Zentr., 1908, 1208. a 397. 
Examination of, M. A. Rakusin. J. Russ. Phys. Chem., 41, 

483 ; Chem. Zentr., 2, 859. b 1028 ; a 397. 

Borneo. Chemical Composition of, E. O. Jones and H. A. Wootton. 

Trans. Chem. Soc, 91, 1146. 
Boryslaw Crude Oil, " Pipe Wax " in, M. Wielezvnski. Chem. Zeit., 

29,364. X431. 
Composition of, M. Wielezynski and J. Gruszkiewicz. P., 2, 

917. Z958. 

M. Wielezynski. Chem. Zeit., 80, 106. Y ^iiGooglc 

Bustenari, S. Aismmann. P., 3, 565. a 397 ; J 1228. ^ 



J 



260 PETBOLBUM BEFINING. 

Petroleum. Califomian, E. O'NeUl. J. Amer. Chem. Soc., 26, 609. V_990. 

Analysis of, Amer. Chem. J., 15, 19. L 590. 

Chemistry of, J/ 241. 

Composition of, C. F. Mabery and E. J. Hudson. Amer. Chem. 

J., 25, 253. T 568 ; S 502. 

C. F. Mabery. Amer. Chem. J., 19, 796. Q 38. 

Nitrogen Compounds in, C. F. Mabery. 8 504. 

(Olinda Field). C. Richardson. 8 123. 

Physical and Chemical Properties of, -I. C. Allen, W. A. Jacobs, 

A. S. Crossfield, and R. R. Matthews. U.S. Bur. of Mines. 

Techn. Paper 74. g 851. 
(San Joaquin Valley) of, I. C. Allen and W. A. Jacobs. Bull. 

19, Dept. of Inter. Bur. of Mines, U.S.A., 1. e 18. 

Canada. Industry <jf, W. J. K. Vanston. V 393. 

— ' containing Sulphiu*. C. F. Mabery. Amer. Chem. J., 18, 89. 

M 507. 
Oil Fields of, The, 6/2^7. 



Canadian, C. F. Mabery. Amer. Chem. J., 16, 89. M 507. 

Bull. Imper. Inst. (Suppl. Bd. of Tr. J.), 1903 (4), 183. W 112. 

Constituents of, C. F. Mabery. Amer. Chem. J., 19, 419. 

P 727. 

Hydrocarbons in, C. F. Mabery and E. T. Numsen. Proc. 

Amer. Acad. Arts and Sc, 40, 334. W 1022. 

Sulphur, Composition of, C. F. Mabery. Technol. Quar., 8, 4. 

N 958. 

Compounds of, C. F. Mabery and W. O. Quayle. 8 505. 

Compounds and Unsaturated Hydrocarbons in, C. F. 

Mabery and W. O. Quayle. Proc. Amer. Acad. Arts 
and Sc., 41, 89. X 962. ^ 
Caucasian, Coal-like Substances accompanying, K. W. Charitschkow. 
J. Russ. Phvs. Chem., 36, 695 ; Chem. Centr., 1903, 1297. 
W 14. 

Constituents of, W. Markownikow. Ber., 20, 974. P 606. 

Heptane, a New, in, G. Chonin. J. Russ. Phys. Chem., 41, 

327 ; Chem. Zentr., 2, 587. b 974 

Ind., Prospects of, D. Mendeteeff. H 753. 

Nitrogen Compounds in, P. J. Schestakow. Chem. Zeit., 28, 41. 

E260. 
Caucasus. Kouban, of, P. Ind. T^echn. Rev., 2, 97. 8 336. 

Province. Deposit of, H. H. Niedenfiihr. Chem. Zeit., 

20, 69. O 345. 
China— in, H. Hoeifer. F/ 105. 
Colombia. Composition of a, from, C. F. Mabery ajid A. S. Kittel- 

berger. Amer. Chem. J., 19, 374. P 606. 
Colorado Oil Field. G. R. de Beque. Eng. and Min. J., 98, 652. 

g 1042. 
Constanza. Export Installation at, H/ 127. 
Crimean, Properties of, A. L. Potylitzin and B. Bernstein. J. Russ. 

Chem. Soc, 27, 279. O 107. 
Cuba. Examination of, H. N. Stokes. Eng. and Min. J., 78, 347. 

u 541. jigiti.ed by Gooole 

in, Eng. and Min. J., 73, 347. U 569. ^ 



APPENDIX. 261 

Petroleum, Cuba. Natural Naphtha from, C. Richardson and K. G. 
Mackenzie. Amer. J. Sci., 29, 439. c 681. 

Daghestan, K. W. Charitschkow. West. shir. Wes., 8, 351 ; Chem. 

Zeit, 27, Rep. 102. V 547. 

(Berekei). K. W. Charitschkow. West: shir. Wes., 4, 32 ; Chem. 

Zeit, 27, Rep. 256. V 1190. 

and Gas. Examination of, K. W. Charitschkow. J. Russ. 

Phys. Chem., 36, 321 ; Chem. Centr., 1904, 1627. 
W 746, 

Formosa— from, T. Katayama. I 469 ; g 683. 

Galicia — and Ozokerite Industry of, B. Redwood. K 93. 

Industry of, Kouindjy. Bull. Soc. d'Encour., 8, 870. Q 913. 



Galician, Analyses of, A. Nawratie. Ding. Poly., 246, 328, 423. 

B 37, 129. 
Chemical Composition of, R. Zaioziecki and J. Hausman. 

Z. ang. Chem., 20, 1761. Z 1132. 
Examination of, C. Dziewonski. Z. ang. Chem., 1900, 343. 

S524. 
Heat of Vai)ori8ation of Fractions of, V. Syniewski. Z. ang. 

Chem., 1898, 621. Q 751. 
Hexamethylenes from, S. Young and E. C. Fortey. Proc. 

Chem. Soc, 15, 182. R 1009. 
Investigation of, R. Zaioziecki and G. Frasch. Ber., 85, 386. 

U 335. 
Nitro Products of Higher Fractions of, M. Freund. Z. ang. 

Chem., 25, 1058. e 577. 
Optical Examination of, M. A. Rakusin and E. Lazlo. P., 5, 

373. cl43. 
German : Treatment and Application. P. Kessler. Z. ang. Chem., 

28, 1697. c 1146. 
■- J. H. Sachse. Gliickauf, 88, 302; Chem. Zeit., 26, Rep. 119. 

U 699. 
Gold Coast— from. Bull. Imp. Inst., 10, 579. / 186. 
Grosny. Water from Bore-holes of, Examination of, K. W. Charitsch- 
kow. J. Russ. Phvs. Chem., 88, 881 ; Chem. Zentr., 1907^ 

295. Z 145. 

K. W. Charitschkow. Chem. Rev. Harz Ind., 16, 247. b 1118. 

Acid Content of, N. Schidkoff . Trudy bak., 6, 16. R 360. 

and its Refining. For. Off. Ann. Ser., No. 2782. U 731. 

and Properties of, M. A. Rakusin. P., 4, 921. b 789. 

Behaviour of, under Acid ^est. K. W. Charitschkow. Trudy 

bak., 14, 256 ; Chem. Zeit. Rep., 24, 91. S 429. 
Characteristics and Constituents of, K. W. Charitschkow. Chem. 

Zeit., 26, Rep. 179. U 964. 

Composition of, K. W. Charitschkow. Chem. Zeit., 28, 660. 

R907. 

Naphtha from, K. W. Charitschkow. J. Russ. Phys. Chem., 

81, 655 ; Chem. Centr., 2, 920. S 139. 
Naphtha, Benzene in, and Chemical ('haracter of, W. Markow- 

nikow. J. Russ. Phys. Chem., 84, 655 ; (^hem. Centr., 

1902, 1227. U 1448. ^ Digitized by GoOQle 
White Oil of, I. N. Streezhoff . 0/ 303. "^ 



J 



262 PETROLEUM REFINING. 

Petroleum. Honover and Brunswick — of, J. H. Sachse. Chem. Rev. Harz 
Ind., 10, 2. V 206. 

Himgarian (Marmaros), Optical Properties of, M. A. Rakusin and 

E Lazlo. P., 8, 1125. a 890. 

Italian, C. Flaunet. Monit. des Prod. Chim., 26 (18). O 443. 

' L. Balbiano and P. Zeppa. Gaz. Chim. ital., 38, 42 ; Chem. 

Centr., 1903, 1085. V 1289. 
Examination of, L. Balbiano. Gaz. Chim. ital., 82, 437 ; Chem. 

Centr., 1902, 402 U 1229. 
Italy (Salsomaggiore), of, V. Vender. Rev. Scient. Ind., 27, 14. 

N 562. 
Deposits of, A. Muggia. P. Ind. Techn. Rev., 1900 (79), Suppl. 

Paris Congr. Rep., 45. 8 1002. 
Japan. Industry of, Shiu-ichi Takano. P. Ind. Techn. Rev., 1, 475. 

R 1008. 
Oil Fields of. P., 6, 829. d 607. 



Japanese, A. Ragosin. P. Ind. Techn. Rev., 7, 171, 186. U 1228. 

Eng. and Min. J., 64, 394. P 1009. 

Chemistry of, S. Takano. P. Ind. Techn. Rev., 3 (80, 81), Supp. 

Paris Congr. Rep., 60, 69. S 1003. 

Composition of, C. F. Mabery and S. Takano. Amer. Chem. J., 

26, 297. T 669. 

C. F. Mabery and S. Takano. 8 503. 

Oils, Optical and other Properties of, M. A. Rakusin. P., 6, 

1068. d 943. 
Java, Alleged Occurrence of Cholesterol in, Oils. W. Steinkopf, A. K. 
Koss, and S. Liebmann. Chem. Zeit., 36, 653. e 631. 

Cholesterol in, A. K. Koss. J. Russ. Phys. Chem., 43; 697. 

d 1104. 
Louisiana, Analysis of, C. E. Coates and A. Best. J. Amer. Chem. 
Soc, 26, 1153. V1342. 

Hydrocarbons in, C. E. Coates and A. Best. J. Amer. Chem. 

Soc., 27, 1317. X 1165. 

C„Hv„ 2 in, C. E. Coates. J. Amer. Chem. Soc., 28, 

384. Y 366. 
Liineburger Heide. Min. Oil Industry in the, Hapke. Chem. Zeit., 

28, 618. W 745. 
Maikop. Field of, Chem. Ind., 33, 723. c 1364. 

M. V. Glasenapp. Chem. Zeit., 36, 142. d 273. 



from, K. W. Charitschkow. Chem. Zeit., 37, 986. / 859. 

Dist. and Optical Examination of, M. A. Rakusin. P., 6, 

1319. cl049. 
Mexican, Asphaltum from, D. Lohmann. Chem. Rev. Harz Ind., 

18, 107. d 608. 
Newcastle Oil Field. W. C. Knight and E. E. Slosson. Wyoming 

Sch. of M. Bull. P., Ser. No. 5. U 1070. 
Newfoundland— in, Eng. and Min J., 64, 759. Q 236. 
New Zealand— in, Bd. of Tr. J., March 28, 1912. e 322. 

indications in the Whatatutu Subdivision of, Pj 323. 

of Poverty Bay. PI36. 



North America, Comparison of — of, C. Richar(|^^0edbf\J©@fclInst., 
162, 57, 81. y 878, ^ 



APPENDIX. 263 

Petroleum. Nova Scotiar— from, Bull. Imp. Inst., 11, 89. / 4:11, 

Ohio, C. F. Mabery and O. C. Dunn. Amer. Chem. J., 18, 215. 

555. 
and Canada. Sulphur of, Composition of the, C. F. Mabery. 

Technol. Quar., 8, 4. 'N 958. 

(Mahone). C. F. Mabery. I 101 ; g 242. 

Composition of, C. F. Mabery. Technol. Quar., 8, 4. N 958. 

Constituents of, C. F. Mabery. Amer. Chem. J., 19, 419. P 121, 

Hydrocarbons in, C. F. MaWy and O. R. Palm. Proc. Amer. 

Acad. Arts and Sc, 40, 323. W 1022. 

K.O. from, R. Kissling. Chem. Zeit., 19, 1549. O 25. 

' Sulphur Compounds in, C. F. Mabery and A. W. Smith. Ber., 

22,3303. 1215. 

Amer. Chem. J., 16, 83. M 501. 

'- C. F. Mabery and A. W. Smith. Amer. Chem. J., 13, 

232. J 629. 

O. Mulhauser. Ding. Poly., 292, 116. M 1053. 

Oklahoma, Composition of, F. W. Bushong. I 888 ; g 1145. 

Papuar—in, Bull. Imp. Inst., 1915, 185. h 860. 

Patagonia— from, M. A. Rakusin. P., «, 9. e 915. 

Pennsylvania, Composition of, C. F. Mabery. S 502. 

Origin of, D. T. Day. Amer. Phil. SJc, 36, 112. P 121, 

Variation in the Character of, and Ohio Crude Oils. D. T. 

Dav. P. Ind. Techn. Rev., 3 (77) ; Paris Congr. Rep., 9. 

S 890. 
Pennsylvanian, Composition of, C. F. Mabery. Amer. Chem. J., 28, 

165. U 1211. 
Constituents of, C. F. Mabery. Amer. Chem. J., 19, 419. 

P121. 
Polarised Light, Behaviour of, towards, M. A. Rakusin. Chem. 

Zeit., 29, 360. X 431. 

Persia— in, A. F. Stahl. Chem. Zeit., 17, 1409. M 243. 

Peru— in, H. Polakowsky. Chem. Ind., 18, 188. N 649. 

Peruvian, Composition of, L. Weinstein. Chem. Zeit., 16, 795. 

L33. 

Philippine (Tabayas) — of, C. F. Richmond. Philippine J. Sci., 6, 1. 

c810. 

Roumania — of, C. Alimanestianu and L. Edeleanu. P. Ind. Techn. 

Rev., 3 ; Paris Congr: Rep., 5. 8 889. 

Roumanian, Chem. Ind., 18, 238. N 649. 

L. Edeleanu and G. A. Filiti. Bull. Soc. Chim., 23-24, 382 

S121. 
L. Edeleanu and I. Tanasescu. Monit. Int. Pet. Roumains, 4 

(19), Suppl. V 1281. 

A. Saligny. P. Ind. Techn. Rev., 2, 234. S 524. 

1. Tanasescu. Oesterr. Berg. Hut., 48, 427 ; Chem. Zeit. Rep., 

24, 270. S 1002. 

Character of, A. Saligny. P. Ind. Techn. Rev., 2, 139. S 336. 

Chemical Composition ' of , P. Poni. Ann. Scient. de I'Univ. de 

Jassy, 2, 1 ; Chem. Centr., 1902, 1370. V 20. 

Study of, L. Edeleanu. Rev. de ^^^^^QocM^^ 

689. a 438. ^ 



J 



264 PETROLEUM REFINING. 

Petroleum. Roumanian, Composition of, P. Poni. Monit. Pet. Roum., 

1907 (20) ; P., 2, 918. Z 958. 
Heptane, Secondary in, N. Costacheseu. Ann. Scient. de TUniv. 

de Jassy, 6, 294 ; Chem. Centr., 1911, 682. d 348. 

Investigation of, G. Schultz. y 593. 

; Isohexanes in, P. Poni and N. Costacheseu. Ann. Scient. de 

rUniv. de Ja&sy, 8, 95 ; Chem. Centr., 1905, 217. X 126. 

Products. Errors in Man. of, R. Wischin. P., 4, 210. h 197. 

Pseudocumene in, P. Poni. Ann. Scient. de I'Univ. de Jassy, 8, 

217 ; Chem. Zentr., 1906, 459. Y 214. 

Russia — in, I. Gulekin, Poverk i Nedra. bja 347. 

Russian, Chemistry of, W. Markownikow. P. Ind. Techn. Rev., 3. 

(79) ; Suppl. Paris Congr. Rep., 41. 8 1002. 
Examination of, and P. Lamps. J. Biel. Ding. Polv.. 252, 119. 

C 565. 
Hexahydrocymene in, M. Tichwinsky. J. Russ. Phys. Chem., 

41, 1136. c 933. 

Organic Bases in, G. W. Chlopin. Ber., 38, 2837. 8 1098. 

Paraffin in, A. Schuchow and N. S. Pantiuchoff. Chem. Rev. 

Harz Ind., 7, 94. 8 651. 
^-Menthene in, M. Tichwinsky. J. Russ. Phys. Chem., 41, 

1136. c933. 
Saghalien. Klei. West. shir. Wes., 4, 264; Chem. Zeit., 27, Rep. 

331. Woo, 

and Asphalt, Investigation of, B/230 ; V 1080. 

Deposits in, Board of Trade J., 1909. 6 1242. 

from, M. A. Rakusin. P., 4. 510, 806. b 514. 

Sagis-Finba Delta (iTal Steppes) of, A. F. Stahl. Chem. Zeit., 28, 

22, 40. R 260. 

Salt Creek. W. C. Knight and K. E. Slosson. Sch. of M. Univ. of 

Wyoming. Bull., 1896. O 583. 

Santa Barbara Crude Oil, Hvdrocarbons in, C. F. Mabery and C. V. 

Zoul. Proc. Amer. Acad. Arts and Sc, 40, 340. W 1022. 

Sjesnowodsk, Optical Properties of, M. A. Rakusin. P., 3, 1203. 

a 933. 

South Africa- -in, Bd. of Tr. J., September 10, 1910. c 114. 

Suez. Deposits on Coast of (iulf of, Les Mat. Gra.s., 4, 2129. d 348. 

Surachanv P. K. Pvhiila. P.. 6, 1525. c 1192. 

Tampico "(Mexico) Oil Field. S. H. Ball. Kx\g. and Min. J., 91, 959. 

d 733. 

Taranaki Oil Field. A. K. Watkins. Trans. Austral. Inst. Min. Eng., 

16, 197. g 189. 

Tcheleken— and Ozokerite in. J. Soc. Arts, 44, 859. O 893. 

in, K. W. Charitschkow. Chem. Rev. Harz Ind., 1896 (39), 36. 

O 583. 

Ter District, Industry of, K. J. Tumsky. Trudy bak., 11, 80. 

533. 

Texas. C. F. Maberv. v 591. 

Eng. and Min. J., 64, 398. P 1009. 

T. D. Miller. Eng. and Min. J., 65, 734. Q 750. 

C.Richardson. S 121. r^r^r^n]o 

V, C. Thiele. Amer. Chem. J., 22, 489. D^^^^/^^^^g^^ 



APPENDIX, 265 

Petroleum. Texas. (Beaumont). C. Richardson and E. C. Wallace. T 690. 

as Fuel. J. E. Denton. Eng. and Min. J., 78, 169. U 326. 

Oil Field. R. T. Hill. J. Frank. Inst., 154, 226, 263. 

U 1228 1326 

Quality of, Chem. Trade J., 1901, 201. T 237. 

Spouting Well. Composition of Oil. A. F. Lucas. Trans. 

Amer. Inst. Min. Eng. Chem. Zeit. Rep., 25, 236. 
T885. 

Composition of, C. F.. Mabery. J. Amer. Chem. Soc., 28, 264. 

T 795. 

Hydrocarbons in Heavy, C. F. Mabery and D. M. Buck. J. 

Amer. Chem. Soc, 22, 553. S 1002. 

Oil and other American Oils, z 260. 

(Sour Lake) Field. Thiele. P. Rev. and Min. News, 8, 362. 

V 621. 

Transcaspian District — of, K. W. Charitschkow. Chem. Rev. Harz 

Ind., 6, 49. R 573. 
(Fergana). J. Bobrzynski. P., 6, 485. d 200. 



Trinidad— from, Bull. Imper. Inst. (Suppl. Bd. of Tr. J.), 1903 (4), 
177. W 113. 

Analyses of, Crude Oils. Uj 560. 

Fields of, E. H. Cunningham Craig. P., 2, 86. Y 1140. 

Oil Fields of, Bull. Imp. Inst., 1908, 196. a 849. 

Tschimion, Analysis of, F. Andrejew. P., 4, 207. b 197. 
Turkestan, K. W. Charitschkow. Chem. Zeit., 26, 357. U 699. 

(Russian), Analysis of, from, E. Ackermann. Chem. Zeit., 34, 

440. c616\ 

Crude Oil from, A. V. Ragosin. Chem. Rev. Harz Ind., 12, 

182. X 884. 
Uchta District — in the, B. von Vangel. x 452. 

Utah. Hydrocarbons of, C. Bardwell, B. A. Berryman, T. B. Brighton, 
and K. D. Kuhre. m 973 ; g 15 ; I 865 ; g 1043. 

Oil Field of Virgin City. K/ 261. 

San Juan Oil Fields of, George D. t James. R/ 391. 



Venezuela, and AHi)halt in Islands off Coast of, Hirzel. Chem. Rev. 

Harz Ind., 10, 275. W 112. 
Wyoming, W. C. Knight and E. E. Slosson. Sch. of M. Univ. of 
Wyoming. Bull., 1896. O 583. 

Analvses of, E. E. Slosson. Bull. Sch. M. Univ. Wyoming, 

iPet. Ser., No. 6, 1903, 25. V 1288. 
Fields of the, y 62. 



Petroleum. Acid Teat for, Trudv bak., 11, 181. 678. 

K. W. Charitschkow. Trudy bak., 10 (1), 39. 24. 



Acids of, K. W. Charitschkow. P., 5, 316. c 78. 

R. Zaloziecki. Chem. Zeit., 16, 905. L 33. 

and Fatty Substances from, N. Zelinsky. Z. ang. Chem., 16, 

37. V 149. 
(/ompounds in, Formation of, R. Zaloziecki. Z. ang. Chem., 

1891,416. J 996. 
Dissociation of Salts of, R. Zalozio(;ki. Chem. Rev. Hara Ind., 4 

(2, 3), 25, 36. P362. «izedbyGoOQle 
Fatty from, M. Colletas. Les Mat. Gras., 7, 41751. g 972. o 



266 ^ PETROLEUM REFINING. 

Petroleum. Acids in, Est. of, R. Zaloziecki. Chem. Rev. Harz Ind., 

4 (2, 3), 25, 36. P 362. 
Salts of, Distinction of the latter from. Salts of Fatty Acids. 

K. W. Charitschow. J. Russ. Phys. Chem., 29, 691"^; Chem. 

Centr., 1, 1191. Q 751. 

Action of Aluminium Chloride on. See Aluminium Chloride. 

of Argillous Earth on, T/ 151. 

of Catalysts on, L. Ubbelohde and S. Woronin. P., 7, 9. 

d 1242. 

Adulteration of. Products. M/ 19, 

Analjrtical Methods. S. P. Sadtler. m 393. 

and Asphalt, Origin and Nature of, C. Richardson. Met. and Chem. 

Eng., 16, 25. 

and Gasoline Situation. The, Van H. Manning. Power, 45, 29 ; 

Met. and Ch^m. Eng., 16, 230. 
Remedies for, F. G. Clapp. Eng. and Min. J., 104, 196. 



and its Derivatives. David T. Day. W/ 425. 

and its Relatives. Hoefer's New Work. T/ 369. 

and its Substitutes. The Chemistry of, Tinkler and Challenger. 

(Crosby, Lock wood & Son.) 
and its Use for Illumination, Lub., and Fuel Purposes. P.-Dvork- 

ovitz. C/ 491. 

and its Uses. John D. Northrup. Z/ 405. 

and Paraffin. Forms of, R. Zaloziecki. Ding. Poly., 280, 69, 85, 133. 

J 753. 
and Products. Differentiation between, N. Chercheffsky. Compt. 

Rend., 160, 1338. c 681. 
Antiseptic Properties of, and its Derivatives. K. W*. Charitschkow. 

Berg. Ges., 1913, 14 ; Chem. Techn. Rep., 1914, 391. g 1111. 

Aromatic Hydrocarbons from, Separation of by Frac. Precipita<tion. 

K. W. Charitschkow. J. Russ. Phys. Chem., 38, 1338 ; 
Chem. Zentr., 1907, 1738. Z 817 

in, A New, J. Claudy and I. Fink. Monatsh. fur Chem., 

21, 118. S 337. 

as Manure. O 258. 

Asphaltum in, and Distillates. Deter, of, K. W. Charitschkow. Neftj. 

Djelo, 1913 (13) ; P., 9, 690. g 1147. 
Benzine, Toluene, and Xylene from, G. Egloff. Met. and Chem. 

Eng., 16, 492. 

Blubber from, C. A. L. de Bruyn. Chem. Zeit., 19, 855. N 562. 

Bromine Val. of, M. Weger. P., 2, 101. Y 1140. 

Utz. Y 1140. 

By-Products obtained in Man. of Oils and Paraffins. G. Richt-er. 

Seifensied. Zeit., 28, 272. B 474. 
Changes in Crude, Effected by Diffusion through Clay. Day and 

Gilpin, q 449 ; b 831. 

Chemistry of, E. Graefe. Nj 3. 

Cholesterin and Origin of, J. Scott, oja 396. 

Clas.sification of Crude, S. F. Peckham. P. Ind. Techn. Rev., 3 (79) ; 

Suppl. Paris Congr. Rep., 39. S 1001. 
- — C/oal Seam, from Staffordshire. A. A. Hall. Z 1223. (^qoqIc 
in a Yorkshire, J. B. Cohen and C. P. Finn^^ e 72. o 



APPENDIX. 267 

Petroleum. Colour Reaction of, C. Arragon. Chem. Zeit., 33, 20. b 83, 
Comparison of American and Russian, Becker. Z. ang. Chem., 

1894, 216. N 872. 
Composition of, C. Engler and L. Jezioranski. Ber., 28, 2501. 

O 191, 

Congress Committee for the United Kingdom. The, v 628. 

Bucharest, 1908. International, x 137. 

Second International, The, F/ 3. 

Third International, at Bucharest. The, J/ 115. 

Crude, as a Reducing Agent for Zinc Ores. Hughes and Hale, a 788 ; 

0/74. 

EHstinction of, fr., Distillates and Res. C. Engler. Z. ang. 

Chem., 16, 544 ; Fifth Int. Congr. Appl. Chem. V 790. 
Deodorization and Decolourization of, Rev. de Chim. Ind., 10, 230. 

R907. 
Diatom Wax. Connection with, G. Kraemer and A. Spilker. Ber., 

36, 1212. U 540. 

Disincrustant, as. J. des Mines, 1893. L 739. 

Distribution. Cardiff as a Centre for, J/ 43. 

Electrical Excitability of Light, D. Holde. Ber., 18, 32, 39; J. 

Chem. Soc, 108 (2), 209. 
Ether as an Extracting Agent. A Source of Error in the Use of, 

J. Marshall. Amer. J. Pharm., July 1907 ; Phar. J., 79, 211. 

Z990. 

Examination of, C. Engler. Chem. Zeit., 10, 1321, 1335. F 39. 

L. Bergner. Z. ang. Chem., 16, 525. V 790. 

Commercial, Ding. Poly., 260 (4), 169. C 235. 



Extension of Use of, Products. R. Zaloziecki. e/ 462. 



Fatty Oils in. Detec. of, Ruhemann. Mitt. k. t. Ver., 1892, 306, 

L470. 
Formalin, Action of, on P. and Distillates. A. M. Nastukoif . J. Russ. 

Phys. Chem., 36, 891 ; Chem. Centr., 1904, 1042. W 1082. 

Formation of. C. Engler. Ber., 43, 405. c 338. 

C. Jlngler. Z. ang. Chem., 21, 1585. a 932. 

C. Engler. P., 7, 399. e 114. 

C. Engler. Chem. Zeit., 16, 843. K 995. 

C. Engler and E. Severin. Z. ang. Chem., 26, 153. e 180. 

N. C. Hviid. P., 6, 429. d 121. 

W. Ipatiew. J. Prakt. Chem., 84, 800. e 62. 

: H. Moissan. Zeits. f . Elektrochem., 8, 48. U 335. 

C. Neuberg. Chem. Zeit., 31, 961. Z 1192. 

P. Sabatier and J. B. Senderens. Compt. Rend., 134, 1185. 

U 853. 

Asphaltum Theory of, K. W. Charitschkow. J. Russ. Phys. 

Chem., 44, 354. e 423. 

The Main Components of. The, C. Engler. S/405. 

Future of, as Raw Material for Chemical Industries. R. Wischin. 

P., 3, 1062. a 850. 
-^ — Gas from, Ding. Poly., 263 (6), 233. C 559. 
Natural, Obtaining, from, A. S. Cooper and H. N. Cooper." 

Qn07. Digitized by GoOQle 

Genesis of, The, M. I.es Vignon. Rj 86. ^ 



268 PETROLEUM REFINING. 

Petroleum, Geological Age of, as Judged from Paraffin Content. M. A. 

Rakusin. Ber., 42, 1211. 6 514, 

Handbook of, Thomson and Redwood. (C. Griffin & Co., Ltd.) 

Harbour at Hamburg. The, H/ 59. 

Hydrocarbons in, G. Kraemer and W. Bottcher. Ber., 20, 695. 

F504. 

in French Lighthouses, x 330. 

Industry. The, Sir B. Redwood, a 779. 

and its Place in Modem Life. New York Evening Post Suppl., 

August 31, 1917. 

Improvements in, F. W. Mann. Chem. Zeit., 18, 863. M S75. 

in Africa. Commencement of the, P/ 87. 

in Assam, Development of, H. S. M. Jack, ra 263 ; ia 920, 

^ in Borneo. The, C/ 263. 

in Galicia. The Origin of the, Heinrich Walter, y 172. 

of Austria-Hungary, i/ 8S. 

Present Sta,te of, M. P. de Boissen. Bull. Soc. Chim., 11, 453. 

M 794. 
Inflammability of Light, Steingraber. Oesterr. Chem. t. Zeit., 1900, 

689 ; Chem. Centr., 1901, 282. T 352, 

Inland Transport of, y 526. 

Institute in London. Opening of the, D. A. Louis, x 531. 

— — International, Institute. The Creation of an, L. Mrazec. Vj 329, 

Investigation of, and its Products. M. A. Rakfisin. Hj 145. 

Irreversible Absorption of, M. A. Rakusin. J. Russ. Phys. Chem., 

48, 720. m 284. 

Jelly, its Microscopic Formation. J. Scott, o/a 263. 

Light and Air. Influence of,, on P. Products. R. A. Ostrejko. 

Trudy bak., 10(6), 1. 645. 

r Effect of, on, R. A. Ostrejko. Trudy bak., 10 (4), 19. O 345. 

Influence of, on P. Products. R. A. Ostrejko. Trudy bak., 10 

(2), 21. 26. 

Man. of, Products. F. C. Robinson, a/ 149 ; V/9. 

Measurement of, W. D. Markstrom. b/ 13. 

Metallurgical Purposes — for, A. v. Forselles. Techn. Tidsk. ; P. Ind. 

Techn. Rev., 4, 221. T 461. 
Modem Wonder Worker, The, Van H. Manning. O. P. and D. R., 

91 (7), 16. 

Naphthenes. See Naphthenes. 

Natural Hydrocarbons of. The, Frank Wigglesworth Clarke. 0/211. 

Nature of, Scientific Investigations into the, P/ 38. 

Nitro-Derivatives of. Fractions of High B. Pt. K. W. Charitschkow. 

Chem. Zeit., 87, 869. / 781. 

Nitrogen in, G. Beilby. J 120. 

Oil Fields of Aspheron Peninsula, Russia. Scient. Amer. Suppl., 84, 

127. 

Oils. Analogous Composition of, of Corresponding, M. A. Rakusin. 

P., 7, 288. e 62. 

Differentiation })etween, F. Schwarz. Mitt. k. Mat., 27, 25. 

b467, 

A. Riche and G. Halphen. J. Pharm. Chim., 80, 289. 

N 191. 313. 



APPENDIX. 269 

Petroleum Oils of Asphalt. C. Richardson, j 4. 

Quality of, R. Kissling. Z. ang. Chem., 1895, 563. O 102. 

Origin and Geological Occurrence of, Relation of Chemical Com- 
position to, C. F. Mabery. bja 431. 
and Nature of, S. F. Peckham. Proc. Amer. Phil. Soc., 36, 

103. P727. 

and Optical Activity of, C. Engler and S. Bobrzynski. T/ 41. 

of, K. W. Charitschkow. Chem. Rev. Harz Ind., 4, 289. P 1009. 

of, C. Engler. Chem. Ind., 18, 1, 31. N 648, 

of, C. Engler. Ber., 38, 7. S 234. 

of, C. Engler. Ber., 30, 2358. P 1008. 

of, J. A. Halderman. b/b 317. 

. of, F. Heusler. Z. ang. Chem., 11, 318. O 584. 

of, C. F. Mabery. 1 101 ; g 242. 

of, F. C. PhilUps. Amer. Chem. J., 16, 406. M 790. 

. of, Sickenberger. Chem. Zeit., 1891, 15, 1582. K 423. 

of, R. Zaloziecki and H. Klarfeld. Chem. Zeit., 31, 1155, 1170. 

a 16. 

of, R. Zaloziecki. Chem. Zeit., 1891, 15, 1203. K 22. 

Relations in, between Coal and, D. White. U.S. Geol. Surv. J., 

Washington Acad. Sci., 6, 189. h 410. 

Paraffin Oil and, D. R. Steuart. S 989. 

Picene from Dist. of, E. von Boyen. Chem. Zeit., 13, 29, 64, 905. 

H 273. 

Pitchy Res. fr., Dist. of, Fats, etc. Differentiation and Chemical 

Nature of, D. Holde and J. Marcusson. Mitt. k. t. Ver., 18, 147. 
S 1004. 

Poisonous Action of, on Fish. I. D. Kupzis. Wratsch, 21, 726 ; 

Chem. Zeit. Rep., 24, 21 1. S 863. 

Production of Aniline Dyes from, K. W. Charitschkow. // 12. 

Products. Uniform Methods of Investigation of, K. W. Charitschkow. 

u SuppL 76. 
Use of Light, for Industrial Purposes. K. W. Charitschkow. 

0/237. 

P3nidine Bases in, R. Zaloziecki. Monatsh. Chem., 13, 498. L 137. 

Radio-Active Gas from, E. F. Burton. Phil. Mag., 8, 498. W 1003. 

Radio-Activity of, D. Hurmuzescu. P., 3, 235. a 16. 

Refining^ etc. W. F. Rittman. New York Evening Post SuppL, 

August 31, 1917. 
G. H. Willock. o/a 405. 



Refractive Index of, G. A. Le Roy. Ann. Chim. Analyt., 16, 12. 

dl22. 
Residues. Utilisation of, J. Malyschew. Chem. Zeit., 16 (Chem. 

Rep.), 85. K510. 
Rubber, Preparation of, from, E. Pyhala. Neftj. Djelo, 1913 (17), 

P., 9, 1376. g 1216. 
Soaps. Deter, of Free Alkali in, K. W. Charitschkow. O. and C. T. J., 

61,1707. ia557. 
Solid Compounds in, J. Marcusson. a/ 209. 
Constituents of, J. Marcusson. Chem. Zeit., 39, 581, 613. 

h 1002. . ^^^ Goooie 

Solidification of, Maestracci. Monit. Offic. du Commence, i89J* iKraJl. 



270 PETROLEUM REFINING. 

Petroleum. Solidification of, S. Rideal. J 889. 

C. Rosengren. Chem. Zeit., 23, 382. R 590. 



Solidified, A. Conrady. Apoth. Zeit., 14, 767 ; Chem. Zeit. Rep., 
24, 8. S 255. 
Helbing and Passmore. B/ 25. 



Some Products of, Joseph Girard. Fj 181. 
Spontaneous Combustion of Light, Preventative of, Fischer. Leip- 
ziger Farb. Zeit., 49, 287. S 821. 

Ignition of Dried, Sludge. R. Kissling. Z. ang. Chem., 1894. 

197. M 874. 
Sulphiu" in, Deter., of, C. K. Francis and C. W. Craw'ford, ja 479 ; 

ia 635. 
Sulphuric Ester in Commercial, F. Heusler and M. Dennstedt. Z. ang. 

Chem., 17, 264. W 317. 
Sulphurous, under the Microscope. J. Scott, o/a 206. 
Synthesis of, K. W. Charitschkow. West. shir, prom., 7, 180 ; Chem. 

Zeit., 80, Rep. 465. Z 42. 
— — of Optically Active, J. Lewkowitsch. Ber., 40, 4161. Z 1192 
Tar. Products of Dist., of, W. Tistschenko. J. Soc. Ph. Ch. Russe 

de St Petersburg, 1893; M 1053. 
Technologist's Handbook. Redwood and Eastlake. (C. Griffin & Co., 

Ltd.) 
Terpenes in, R. Zaloziecki. Ding. Poly., 298, 114. M 1187. 
Therapeutic Properties of, The, P/ 190. 
Toluene in Crude, S. E. Bowery, ra 287. 
Transport of, in Bulk. B. Redwood. Proc. Inst. Civ. Eng., 116, 

Paper, 2766. M 1182. 
Treatise on. Sir Boverton Redwood. 3 vols. (C. Griffin & Co., Ltd.) 
Treatment of, V. I. Ragosin. Chem. Rev. Harz Ind., 6, 128, 147, 
161, E1113. 

Technical, of. Problem in the, K. W. Charitschkow. Techn. 

Westr., 1, 131 ; Chem. Zeit., 31, Rep. 266. Z 678. 
Unloading Regulations on the Tee«. F/ 31. 

Utilisation of the Nitric Products obtained fr., L. Edeleanu. F/ 25. 
Val. of, C. Engler. Chem. Zeit., 10, 1238, 1271. E 654. 
Vapour, Detec. of, John H. Heck. P/ 401. 

Physiological Action of, Poincare. J. Pharm. Chem., 7, 290 

D24. 
versus Coal-Tar. L. Edeleanu. x 29. 

Water in, Deter, of, H. S. Shrewsbury. .Analyst, 39, 529. h 18. 
M. Wielezynski. Naphtha, 12, 23. W 504. 



and Dirt in Crude, Deter, of, M. Wielezynski. Chem. Zeit., 29, 

77. X212. 
and Mud in Crude, Deter, of, R. Nettel. Chem. Zeit., 28, 867. 

W 952. 
and Products, Deter, of, I. C. Allen and W. A. Jacobs. Eighth 
Int. Congr. Appl. Chem., 1912, Sect. Vc, Orig. Comm. 10, 
17. e 862. 
Crude, Deter, of, E. Graefe. P., 1, 813. Y 1035. 

Oil. Deter, of, K. W. Charitschkow. Trudy bak., 1899, 

257 ; Chem. Rev. Harz Ind., 7, 56. S 651. 
Deter, of, M. Curtis and P. W. Tompkins. U 1519. 



APPENDIX. 271 

Petroleum. Water in, Est. of, R. W. Roberts and S. Fraser. c 197. 

Pit«h in Distillates and Res., Deter, of, K. W. Charitschkow. P., 2, 99. 

Y 1140. 
^ Natural (Manjak). Bull. Imper. Inst. (Suppl. Bd. of Tr. J.), 1903 (4), 

180. W 113. 
Purification by Lime. K. W. Charitschkow. West. shir. Wes., 3, 303 ; 

Chem. Zeit., 27, Rep. 77. V 488. 
lime. Uses of, for, -of P. N. A. Stepanow. Trudy bak., 18, 300 ; 

Chem. Zeit. Rep., 28, 80. R 359, 
Method (Villon» for Min. Oijs. J. J. Ellin. Zap. imp. Russk., 9, 28. 

N 167. 

of Cleansing Waters of P. Refineries. E. Donath. H/21. 

of K.O. and Benzine. Theory of, K. W. Charitschkow. West, shir 

prom., 7, 124 ; Chem. Zeit., 80, Rep. 476. Z 43. 

of Oils. Continuous, A. M. Villon. Bull. Soc. Chun., 9, 1037. M 745, 

of P. Z. ang. Chem., 1897, 629. P 904. 

and Benzine. A. Gawalowski. Allgem. Oesterr Chem. t. Zeit., 

26, 87. a 973. 

Influence of Temp, upon, I. Zahler. Chem. Zeit., 19, 215. 

N 563. 

of Temp, and Light on Acid. R. Zaloziecki. Chem. Rev. 

Harz Ind., 1895 (30), 1. O 107. 

of Temp, and Light on Chem. R. Zaloziecki. Chem. Zeit., 

19, 78, 875, 956. N 563. (2 refs.) 
Sulphuric Acid for, of K.O. Technical Requirements of, K. W. Charit- 
schkow. West. shir. Wes., 6, 119; Chem. Rev. Harz Ind., 18, 

15. Y 62. 
Purifying and Drying Oil, Outfit for. Electrical Worid, 69, 395. 



Radium and Paraffin, M. Guilleminot. 0/ 258, 

Rays, Experiment with, on Asphaltic Oils. G. Meyerheim. Chem. 

Zeit., 84, 454. c 617. 
Ragosin, V. I. The late Mr, x 266. 

Recovery of Waste Lubricating Oils. Scient. Amer., 117, 357. 
Refinery, Austrian Government, P. Wispek. j/ 46, 

State, at Drohobycz. The, St von Pilat. S/ 101. 

Forward, for Handling Texas Oil. The, x 674. 

Modern, A, (Anon.) Ij 173. 

Mexican Eagle Company's Minatitlan. F/ 401 

New Zealand's First Oil, VI261. 

Schibaieff Company's New, The, c/ 153. 

W^orks of Mr A. V. Bari of Moscow. Qj 40. 

Refineries in State of Kansas. • Oil, A. F. Robertson. V/ 289. 

Mexican, Owners and Particulars of the Plants, n/ 546. 

Refining. W. F. Rittman. New York Evening Post Suppl., August 31, 

1917. 

Acid Asphaltum obtained in, See Asphaltum. 

Attempts to Eliminate Chemical, K. W. Charitschkow. West. shir. 

prom., 7, 61 ; Chem. Zeit., 80, Rep. 205. Y 686. ^ . 

Burning and Lub. Oils. F. A. Intschik. s 144, gitizedbyCjOOQlC 

by Lime. K. W. Charitschkow. Naphtha, 9, 211. T 885, 



272 PETROLEUM REFINING. 

Refining. Continuous and Discontinuous, K. Mahr. Z. ang. Chem., 28, 20. 

h 214. 
Crude Oil with Sulphur Di-oxide. The Edelcanu Method of, C. Engler 

and L. Ubbelohde. U/631. 
Distillates. A. Veith. Allgem. Oesterr. Chem. t. Zeit., 18, 7. 

S65L 
Gulf Coast Oil Operations. P. L. M'Greal. Oil and Gas Jour., 16 (13), 

16. 

Heavy Min. Oils. R. Benedikt. Z. ang. Chem., 1893, 672. 3f 891. 

in Louisiana. Significance of Oil, Dr Day. P/ 81. 

Industry. Ten Years of American, v 409. 

in America. The P., Preliminary Government Report. Rj 323. 

in Roumania. A Review of the, C. Halaceanu. M/249. 

of America. The P. , S/ 303. 

of U.S.A. The v., 1/189. 

Min. Oil. R. Wischin. Chem. Rev. Harz Ind., 1895, 26, 27. 

N 1039. 

R. Zaloziecki., Chem. Rev. Harz Ind., 1895 (30), 1, 

O107, 
by the Dry Process. F. Schulz. P., 5, 86. b 1118. 



Oils, Paraffin, etc. F. Redl. Chem. Zeit., 11, 415. F/ 604. 



of Californian Crude Oil. The, J. C. Christensen. K/ 17. 

of Distillates. K. Lisenko. s 74. 

of Min. Oils. The, L. Mazet. N/ 265. 

of Oils from Shale. I). R. Steuart.. H 100. 

from Lignite Tar. E. von Boven. Chem. Zeit., 14, 267, 289. 

/ 487. 
of Pennsylvanian Crude Oil. The, C. W. Stratford, o/ 472. 
of P. The Intschik Method. S. J. Salomon. Trudy bak., 1899, 1 ; 
Allgem. Oesterr. Chem. t. Zeit., 17 (19), 3. R 1009. 

■ of P. F. W. Mann. Chem. Zeit., 18, 863. M 876. 

of P. and Lub. Oils. Schestopal. Chem. Zeit., 15, 352. J 464. 

■ Paraffin. The Pioneer of, John Hodges. Q/ 130. 
Petroleum. G. H. Willock. oja 406. 

P., and Discussion. A. Campbell, r 274. 

■ P., Dr Edeleanu's Method of, W/160. 

P., Scientific Basis of, L. Gurwitch. U/664. 

Preliminary Neutralisation of K.O. Distillates before, K. W. Charitsch- 

kow V 469. 
Process. Theory of the, Ferdinand Shulz. 
Shale Oil. D. R. Steuart. E 248. 
Sulphuric Acid for. Examination of, F. Schulz. Chem. Rev. Harz 

Ind., 20, 82. / 409. 
Trumble, Process Described, o/ 17. 
with Sodium Silicate. J. R. Michler. Eng. and Min. J., 66, 338. 

Q 1036. 
with Sulphur Di-oxide. Edeleanu. Rev. du Petrole, 1909 (20) ; 

P. (5), 383. c 143. 



Refraction of Oils. IndicCvS of, D. Holde. Mitt. k. t. Ver., 1890, 

J 166. 
Refractive Index as Means of Analysis of Hydrocarbons. A. Karpinski. 

b/b 108. 



APPENDIX. 273 

Refrigeration. G. E. Davis. F 252. 

Apparatus. Inter. Invent. Exhib., London. D 475. 

from Central Stations. D. Branson. J. Frank. Inst., 187, 81. 

D787, 
in Separation of Paraffin. J. Weiser-Mata. Z. ang. Chem., 28, 2270. 

dll. 

in the Man. of Paraffin. Phillipe Porgea. N/ 2HL 

Machinery. T. B. Lightfoot. K 133. 

Improvements in, Wochen f . Brauerei, 12, 602. O 22. 

Mechanical, H. J. Macintyre, M.M.E. (New York : J. Wiley & Sons. 

London : Chapman & Hall.) 
Power Required for, J. J. Smith. Met. and Chem. Ind., 10, 657. 

c 1019. 
Some Applications of, F. Tate. N 110. 



Research Laboratories. Some Principles in the Administration of 

Industrial, R. F. Bacon, i 18, 27. 

Men fr., the Manufacturers' Point of View. C. F. Burgess, i 15, 18. 

Scientific, and the P. Industry. L. Edeleanu. x 434. 

Reservoirs. Deter, of the Water Content in P., J. Gruszkiewicz. 0/ 213. 
Residue (Astatki), Composition and Use of, F. Heck. Stahl u. Eisen, 24, 

1430. X22. 
(Mazut), Ascertaining Yield and Quality of Lub. Oils fr., K. W. Charit- 

schkow. West. shir. Wes., 6, 150; Chem. Zeit., 28, Rep. 392. 

X81. 
Boryslaw (Masut), Dist. Experiments with, M. Wielezynski. Chem. 

Zeit., 81, 499. Z 678. 

Character of, N. Kromer. Z. anal. Chem., 87, 176. Q 341. 

Detec. of Adulterants in, K. W. Charitschkow. Trudy bak., 14, 251 ; 

• Chem. Zeit. Rep., 24 (11), 94. S 429. 

Temp. Coefficient of Expansion of, H. Rossbacher. k 577 ; h 824. 

^'Uses of, The, C. Alimanestianu. F/27. 

(P.). Variations of the Physical Characteristics of a, with increasing 

Percentage of Grahamite. H. Rossbacher. K 205. 
Resinification and Resin Content of Min. Oils. S. Aisinmann. Ding. 

Poly., 294, 65. N 282. 

of P. Oils. D. Holde. Mitt. k. t. Ver., 14 (4), 229. P 363. 

Resinous Matters, Removal of, fr. Min. Oils. Daeschner. Rev. Prod. Chim.. 

4, 309. U 168. 
Resins fr. P. and Bitumen. A. W. Adiasewich. Zap. Imp. Russk., 29, 93. 

O 346. 
Resources of the Empire. Oil. F. M. Perkin. J. Soc. Arts, 62, 471. 

9 491. 
Road Preserver. Oil as a, a; 263. 
Tars. Naphthalene in. The Effect of N. upon Consistency of Refined 

Tars. Provost Hubbard and C. N. Dra^ier. o 903. 
Roofing (Bituminous). Analysis and Testing of, H. Abraham, ja 1048. 
Rosin Oil. Detec. of, in Min. Oil. D. Holde. Mitt. a. d. Segl. liehn. Ver. 
Berlin, 6, 88. G 526. 

Quantitative Separation of, from Min. Oils. P. C. M'llhiney. 

J. Amer. Chem. Soc, 16, 385. N 198. 

Pine. Detec. and Deter, of, in Paraffin. J. KHmont. 

Harz Ind., 1896 (38), 76 O 475. '^ ^ 

18 



274 PETROLEUM BEFINING. 

Roumanian Oil Fields. B. Baker. New York Evening Post SuppL, 

August 31, 1917. 
Russian Oil Fields. B. Baker. New York Evening Post SuppL, August 31 , 

1917. 



Selective Absorption. E. G. Parker. I 831. 

Set. Pt. of Paraffin. Ascertaining, R. Kissling. Chem. Zeit., 22, 209. 

Q380, 
Shale OUs and P. D. R. Steuart. S 989, 

— = and Tar. W. Scheithauer. (Scott, Greenwood & Sons.) 

Industry. D. R. Steuart. i 774. 

in Scotland. The, //i7i. 



Relation of, to P. E. H. Cunningham Craig. 0/216. 



Soap in Lub. Oils. Detec. of, F. Jean. Ann Chim. Anal. Appl., 1, 31. 

O 382 
Soaps. P., Z. ang. Chem., 1895, 225. N 810. 

Petroleum, Deter, of Free Alkali in, K. W. Charitschkow. O. and 

C.T.J., 51, 1707. ia557. 
Solar Oil as Illuminant. P. Ind. and Techn. Rev., 1899, 658, 670. R 1172. 

K. Lissenko. Bull. Soc. Imper. Poly. Russie, 1890, 24, 1. 

1381. 

(Russian) as Ilium. K. Lissenko. Chem. Zeit. Rep., 1895, 159. 

L819. 
Solidification of Dark Min. Oils. D. Holde. Mitt. k. t. Ver., 18 (6), 253. 
138. 

Point. Deter, of, R. Nettel. Chem. Zeit., 28, 867. W 952. 

of Oils. Alteration of, D. Holde. Mitt. k. t. Ver., 1896, 113. 

O 660. 

of Paraffin. Ascertaining, R. Kissling. Chem. Zeit., 22, 209. 

Q 380. 

Deter, of, R. Kissling. Chem. Rev. Harz Ind., 5, 87. 

Q803. 

Est. of. L. Singer. Chem. Rev. Harz Ind., 5, 65. Q 609. 

of Viscous OUs. D. Holde. Mitt. k. t. Ver., 1889, 3, 119. H 112, 



Specific Gravity. App. for Deter., H. B. Fulton. K 305. 

Densitv of Paraffin. Deter, of, L. Weinstein. Chem. Zeit., 12, 

975, 894. G 679. 

of Asphalt. Paraffin Wax, etc., Deter, of, 0/146. 

of Heavy or Viscous Oils. Det«r. of, J. M'C. Sanders. Chem. 

Soc. Proc, 27, 250. 

of Liquids. Deter, of, C. R. A. Wright. K 297. 

of Paraffin at Diff. Temps. I. I. Redwood. H 162. 

of Viscid Substances. Deter, of, J. W. Bruhl. Ber., 24, 2455. 

K60. 
of Viscous Substances. Det^r. of, C. Scheibler." Ber., 24, 357. 

J 657. 

Use of Westphal Balance for Deter, of, A. H. Allen. E 65. 

Heat of Asphalt. M. Kinoshita. Z. ang. Chem., 80, Rep. 65. ia 597. 

Spent Acids. Esters from, Fuchs and Schiff . ' Chem. Zeit., 19, 1469. O 56. 
Spontaneous Combustion. App. for Deter. Liability of Oils toy]^. H. 
Richards. Technol. Quarterly, 1891, 346. K 547. o 



APPENDIX. 275 

Spontaneous Combustion. Comparison of App. for Testing the Liability for 

Oils to Produce, A. H. GiU. Z 185, 

of Oils Spread on Cotton. W. M^D. Mackay. M 1164 ; N 940. 

Ignition of Liquid Fuels. Deter, of Temperature of, H. Moore. 

ia 104. 

of P. The, K. W. Charitschkow. v 321. 

Storage and Discussion. Oil, Herbert Barringer. r 122. 

and Transport of Motor Spirit. The, Nj 339. 

Concerns. A Pioneer among Public, L/ 195. 

for Submarines at Sea. Oil, P. Muers. n/ 131. 

in India, v 455. 

of Inflammable Liquids, m 607. 

of Liquids. F. R. Baxter, ia 1226 ; ja 978. 

in Small Packages. L. R. Adkins. ia 1226 ; ja 979. 

in Manchester. Bulk Oil, The, J/ 199. 

of Motor Spirit at Fulham. The Bulk, P/ 299. ^ 

of Oil. The, Garrett B. James, b/ 526. 

G. B. James. National Fire Protection Assoc. Quarterly, 10. 

260. 
R. N. Stroyer. b/b 213. 



of P. Proc. Inst. Eng., 99, 51. / 169. 

in London. N/353. 

Spirit. Major A. Cooper-Key. (C. Griffin & Co., Ltd.) 

and Fuel Oil. T. W. Carter, m/ 327. 

ontheTyne. P/340. 



Regulations in Turkey. The P., J/ 72. 

Tanks for Crude Oil. Earth, P. Wispek. j/ 220. 

Painting of, H. A. Gardner. Chem. Trade Joum., 60, 365. 

The Home oi OH, K/ 63. 



Storages of Rotterdam. The, V/ 489. 

Storing Oil Barrels over Oil Tanks. Abstract from " National Petroleum 

News." Oil and Colour Trade Jour., December 1, 1917, 1862. 
Sulphonation of Paraffins. R. A. Worstall. Amer. Chem. J., 20, 664. 

Q 1135. 
Sulphur, Action of, on Naphthenes W. Friedmann. Z. ang. Chem., 89, 
Rep. 531. ia 204. 

and Formation of Asy)haltic Oils. H. Scheiber. Ber., 49, 2595. 

ia 285. 

App. and Method for. Deter, in P. Ilium, and Lub. Oils. P. H. 

Conradson. n 842. 

Compoimds in P. H. Kast and G. Lagai. Ding. Poly., 284, 69. 

K 598. 

in Canadian P. C. F. Mabery and W. 0. Quayle. Proc. Amer. 

Acad. Arts and Sc, 41, 89. X 962. 

in Grosni Benzine. K. W. Charitschkow. Trudy bak., 12, 272. 

P 1009. 

in Medicinal P. F. C. J. Bird. Pharm. J., 1897, 153. P 757. 

Content of Bitumens. S. F. and H. E. Peckham. P 996. 

T- — of Commercial K.O.'s. E. Lecocq and H. Vandervoort. Bull. 

Assoc. Beige des Chim., 16, 181. U 1180. 

Deter, of, I. C. Allen and T. W. Robertson. Eighth Int. Congr. 

Appl. Chem., 1912, Sect. Vc, Orig.Comm.^ 10, 25. e 861. - 



276 PBTROIiEITM REPINING. 

Sulphur. Deter, of, W. E. Barlow. J. Amer, Chem. Soc., 26, 341. 
W 562. 

J. Marcusson and H. I>68cher. Chem. Zeit., 34, 417. d 510. 

S. P. Sadtler. J. Amer. Chem. Soc., 27, 1188. X 1038. 

in Fuels. Use of the Water from the Lewis-Thompson 

Calorimeter for, P. Falciola. Annali Chim. AppL, 1917, 8, 
77-82. ta 1264. 

in P. Aufrecht. Pharm. Zeit., 41, 469. O 680. 

D. Lohmann. Chem. Zeit., 85, 1119. d 1243. 

Effect of, on Oxidation of Mineral Oils. B. T. Brooks and I. W. 

Humphrey, ja 747 ; ia 997. 

Elimination of, K. W. Charitschkow. West. shir. Wes., 8, 303; 

Chem. Zeit., 27, Rep. 77. V 488. 

from Hydrocarbons. La Fresnaye and Suchy. Les Mat. Gras. 

Chem. Trade Jour., 61, 302. ^ 

Est. of, H.'N. Morse and C. W. Gray. Amer. Chem. J., 85, 451. 

Y 563. 

of, in Burning Oil. R. Kissling. Chem. Zeit., 20, 199. 384. 

— of, in P. C. F. Mabery. Amer. Chem. J., 16, 544. N 196. 

in Asphalt. Deter, of, H. Schillbach. Z. ang. Chem., 16, 1080. 

V 1309. 

in Asphaltum. Deter, of, E. H. Hodgson. J. Amer. Chem. Soc., 20, 

882. R77. 

in Asphaltums and Bituminous Chalks of Palestine. C. Elschner. 

Chem. Rev. Harz Ind., 8, 159. T 885. 

in Bitumens. Deter, of, S. F. and H. E. Peckham. J. Amer. Chem. 

Soc, 1899, 772. R 1056. 

in Ilium, and Lub. Oils. Deter, of, P. H. Conradson. Eighth Inter. 

Congr. Appl. Chem., 1912, Sect. I., Orig. Comm. 1, 133. e 912. 

in K.O. Est. of, K. W. Charitschkow. West. shir. Wes., 7, 14 ; Chem. 

Zeit., 80, Rep. 142. Y 467. 

in Lamp Oil. Deter, of, F. Schulz. P., 8, 585. / 186. 

in Motor Spirit. Deter, of, W. A. Bradbury and F. Owen. Chem. 

News, 111, 39. h 164. 

Spirits. Deter, of, W. A. Bradbury and F. Owen. Chem. News, 

110, 163. g 1001. 

in Oils and Gases. Rapid Deter, of, T. B. Smith. Gas World, 66, 40. 

Sources of, G. S. Rogers. Min. and Scient. Press, 115 (3), 85. 



of Organic Compounds. Detec. of, P. N. Raikow. Chem. Zeit., 22, 

377. Q 797. 
in P. C. Engler. Chem. Zeit., 20, 197. O 383. 

Deter, of, C. K. Francis and C. W. Crawford, ja 479 ; ia 635. 

S. Friedlander. Arb. Kais. Ges.-A., 15, 365 ; Chem. Cehtr., 

2, 406. R 950. 

A. Goetzl. Z. ang. Chem., 18, 1528. X 1086. 

J. M. Sanders. Chem. Soc. Trans., 101, 358. 



Est. of, G. FUiti. Bull. Soc. Chim., 1899, 338. R 523. 

F. Heusler. Z. ang. Chem., 1895, 285. N 828. 

Oils. F. M. Perkin. m 227. 



in Volatile Liquids. Deter, of, J. Hewett. Ga« World, 66, 23. 

Spirit. Deter, of, R. Lucion. Bull. Assoc. Beige des Chim.» 18, 

290. R 1056. 



APPENDIX. 277 

Sulphur, Removal of, from Min. Oils. W. Heimici. Z. ang. Chem., 1897, 

8. P131. 
at Chicago. Riche and Roume. Ami. des Mines, 5, 96 ; Proc. 

Inst. Civ. Eng., 116, 87. M 719, 
Sulphur Koxide, Applicability of, to Deter, of Aromatic Hydrocarbons in 

Mixtures. W. F. Rittman and R. J. Moore. Met. and Chem. 

Eng., 13, 713. h 1133. 
Edeleanu's Process of Refining by Means of, C. Engler and 

L. Ubbelohde. Z. ang. Chem., 26, 177. / 410. 
Separation of Hvdrocarbons by, L. Edeleanu. P., 9, 862. 

g 343. 
Sulphur Monochloride, Action of, on Bituminous Tarry Substances and 

Hydrocarbon Oils. J. V. Meigs, ja 655 ; ia 920. 
Sulphuric Acid, Action of, on P. R. Zaloziecki. Z. ang. Chem., 1897, 587. 

P 904. 

and Soda. Recovery of, H. Walter. A/ 52. 

Fuming, Refining with, F. E. Boleg. Chem. Rev. Harz Ind., 

4,263. P 1009. 
Reaction with Oil Mixtures. W. H. Bojoiton and H. C. Sherman. 

Sch. of M. Quar., 31, 64. c 222. 
Sumatra Oil. Comparison with American and Russian Oils. Board of Trade 

J., March 1893, 349. L 255 
Superheated Steam Distillation for the Analysis of Special Lub. Oils. Simile 

Lecocq. E/ 47. 
Switch Oils. Physical Properties of, W. P. Digby and D. B. Mellis. Times 

Eng. Supp., March 30, 1910. c 406. 
Synthetic Gasoline. Electrochem. Soc., October 1917. ia 1266. 



Tanks. Breathing Apparatus for Work in Oil, K/ 105. 

Construction and Care of Oil, The, v 30. 

Covering of Underground, F. C. Coffin, s 588. 

Cylindrical, with Spherical Ends. Formula for Contents of, L. Car- 
penter. I 517. 

Gauging of Storage, R. L. Ogden. Note, K. B. Howell. J 286, 430. 

in California. Wooden, v 565. 

Measuring Oil in, n/ 406. 

Recording Contents of Cylindrical and Horizontal, S. W. Maher. 

j 636. 

Safety of P., Engineer, 84, July 23, 1897, 84. P 666. 

Test for Oils. Maumene's, C. J. Ellis. E 150, 361. 

Tests. Uniform P., America and the Question of, T/27. 

Testing. Importance of Establishing Uniform Method of, R. Zaloziecki. 
Chem. Rev. Harz Ind., 1895 (25), 1. N 1038. 

Methods and Apparatus used in P., J. A. Harker and W. F. Higgins. 

j/ 303, 351,397. 

New Apparatus ^or, P. A, Ferd. Kryz. y 536. 

of Oils and Other Substances. The, H. W. Javne. B/289. 

of P. C. Engler and Th. Haas. Z. ang. Chem., 20, 362. A 32. 

International Committee for the, 8/2, 34. . .^ ^ ^ Gooslc 

P. and P. Products. Uniform Methods of, A Contriti^^on^to the ft*o- 

posals for Establishing, A. Gawalowski. x 29. 



278 ^ PETEOLBUM EBFINING. 

Testing. Uniform Methods of, K. W. Charitschkow. Trudy bak., 1899, 

257 ; Chem. Rev. Harz Ind., 7, 56. .Sf 651, 
R. Wischin. Chem. Rev. Harz Ind., 1895 (27), 1. 

N 1038. 
(Degree of Refinement by Alkah). K. W. Charitschkow. 

Chem. Rev. Harz Ind., 1896 (36), 57. O 297, 
Importance of, L. Gans. Chem. Rev. Harz Ind., 1895 

(28), 2. O 138. 
Uniformity in Methods of. B. Redwood. P. Ind. Techn. Rev., 8 (78) ; 

Paris Congr. Rep., 31. S 890, 
P. and Products. B. Redwood, u SuppL, 31. 



Texas Company. The, Q/ 131, 163. 
Toluene in Crude Petroleum. S. E. Bowery ra 287, 

Transformer Oil. Characteristics of a, A. Beminger. Mitt. k. t. Gew.-mus. 
in Wien, 21,211. e 114, 

Oils. A. Berninger. Mitt. k. t. Gew.-mus. in Wien, 21, 21. d 696. 

W. Brauen. Chem. Rev. Harz Ind., 21, 138, 170. g 951, 

A. Duckham. Electrician, 67, 212. d 697. 

D. Holde. Mitt. k. Mat., 22, 147. W 1206. 

and Switch Oils. Sludging of, P. Digby. J. Inst. Elect. Eng., 

53, 146. h 1133. 

Examination of, F. Breth. P., 7, 290. e 62. 

Physical Properties of, W. P. IHgby and D. B. Mellis. Times 

Eng. Suppl., March 30, 1910. c 406. 
Transformers. Formation of, Deposits in Oil-Cooled, A. C. Michie. J. Inst. 

Elect. Eng., 51, 213. g 1196, 
Transportation of Gases. Liquid and Solid, O. Nagel. C/58. 

of Liquids.. F. R. Baxter, ia 1226 ; ja 978. 

: in Small Packages. L. R. Adkins. ia 1226 ; ja 979. 

Turbine Oils. Steam, Examination of, F. Schwarz and J. Marcusson. 

Mitt. k. Mat., 82, 496. h 1235. 
Turbines. Testing and Val. of Oils for Steam, F. Schwarz and J. Marcusson. 

Mitt. k. Mat. Papierfab., 12, 73. g 128. 
Turpentine and Substitutes. Deter, of P. in, J. H. Coste. Analyst, 38, 219. 
a 694. 

Detec. of Min. Oils in, R. A. Worstall. W 302. 

of P. in, E. Valenta. Chem. Zeit., 29, 807. X 933. 

U.S. Dept. Agric. Bur. of Chem. Bull. Oil, Paint, and Drug 

Rep., April 17, 1911. d 559. 

J. H. Long. C. Trade J., 10, 261. K 549. 

E. Louise. Compt. Rend., 150, 526. c 438. 

J. M. M'Candless. J. Amer. Chem. Soc., 26, 981. W 913. 

J. Marcusson. Chem. Zeit., 38, 966, 978, 985. h 1096, 

E. J. Parry. Chem. and Drug., 81, 52. e 827. 

M. Verez. ' Compt. Rend., 150, 698. c 501. 

Deter, of Hvdrocarbons other than Terpenes in, J. H. Coste. Analyst, 

35^ 112. c 438. 

of P. in. C. Grimaldi and L. Prussia. Annali Chim. Appl., 1, 

324. g604. 

J. H. Coste. Analyst, 84, 148. b 482. 

A. Eibner and O. Hue. Chem. Zeit., 84, 643, 657. _c 890, 

G. Vulpius. Apoth. Zeit., 6, 289. J 800. 



APPENDIX. 279 

Turpentine. Deter, of P. Naphtha in, H, C. Frey. J. Amer. Cham. Soc., 

80, 420. a 346, 

Est. of P. in, W. M. Burton. Amer. Chem. J., 12, 102. / 557. 

R. S. Morrell. c 241. 

Examination of, for Min. Oil. C. Schreiber and F. Zetzsche. Chem. 

Zeit., 28, 686. R 949. 
Separation of Min. Oils fr., R. Herzfeld. Zeits. 6. Chem., 9, 454 ; 

Chem. Centr., 1904, 548. W 274. 
Substitutes. Nature of, J. H. Coste and L. M. Nash. Analyst, 86, 207. 

d 698. 
Turpentine Oil and its Substitutes. P. H. Conradson. P 519. 

Analysis of. C. Blarez. "Ann. Chim. Analyt., 16, 328. d 1171. 

Detec. of Hydrocarbons in. Utz. Farb. Zeit., 17, 1208; Z. 

unters. Nahr. u. Gen., 27, 687. g 1099. 

of P., in. R. Marcille. BuU. Soc. Chim., 11, 762. e 783. 

R. Massy. J. Pharm. Chim., 6, 484. / 34. 

Utz. Chem. Rev. Harz Ind., 12, 99. X 562. 

M. Vezes. Bull. Soc. Chim., 29, 896. V 1106. 

^ Deter, of P., in. P. Nicolardot and L. Clement. Bull. Soc. Chim., 

7, 173. c 501. 
H. S. Shrewsbury. Analyst, 36, 137. d 559. 



of, Detec. of P., in, F. Klem. p 389 ; c 1214. 



Oils. Deter, of P. in, F. W. Richardson and J. E. F. Whitaker. d 115. 

F. W. Richardson and J. L. Bowen. a 613. 

Spirit in, J. Marcusson. Chem. Zeit., 86, 413, 421. 

e444. 



Vapours. Combustible, and Air, Rate of Ignition of Mixtures of, M. 

Hoffsass. J. Gasbel., 58, 73. h786. 
Vaselin. C. Engler and M. Boehm. Ding. Poly., 262, 468, 524. F 371. 
Vaseline. P. Adam. Bull. Soc. Chim., 1905, 33, 274. X 325. 

and Vaseline Oils. Man. of, c/ 666. 

Artificial, J. Girard. J. de Petrole, 8, 619. W 55. 



Composition of Commercial, etc. C. F. Mabery. Proc. Amer. Acad. 

Arts and Sc, 40, 361. W 1023. 

Detec. of Fats in, A. Ferraro. L'Union pharm., 50, 400. b 1118. 

DiflFerentiation of Nat. and Artificial, H. Kantorowicz. Chem. Zeit., 

87, 1394, 1438, 1566, 1594. g 67. 
Examination of, for Fatty Oils. Crauzel. Un. Pharm. per Rep. de 

Pharm., 50, 453. N 316. 
Flow of Oil through Tubes. H. Merdfyng. Chem. Zeit. Rep., 15, 

223. K274. 
Preparation (Cetosan) capable of Absorbing a large Quantity of Water. 

F. Blatz. Pharm. Zentr., 49, 537. a 865. 

Production of, fr. Min. Oils. Chem. Zeit., 12, 1727. H 202. 

Russian, J. D. Stazenko. Farmaz. West., 4, 376 ; Chem. Zeit. Rep., 

24,260. S1025. 
Vaseline Oil. P. Adam. Bull. Soc. Chim., 88, 274. X 325. 

Analysis, d/ 243. -> t 

for Internal Use. A. Vicario. J. Pharm. ChiflQQglf49. 

g 1082. 



280 PETROLEUM REFINING. 

Vaaeline Oil. Refining of, R. Benedikt. Z. ang. Chem., 1893, 672. M 891. 

" Soluble in Water." D. Holde. Mitt. k. t. Ver., 14 (4), 229. 

P363, 
Vegetable and Anim. Oils. Detec. of IMin. Oils in, F. Jean. J. Pharm. 

Chem., 20, 337. / 113. 
Viscometer. C. Engler and A. Kunkler. Ding. Poly., 276, 42. L 654. 

L. Meggitt. U 106. 

N. Vender. Chem. Zeit., 19, 856. N 596. 

M. Wendriner. Z. ang. Chem., 1894, 545. M 1220. 

A New. Eugene C. Bingham. I 233. 

A. E. Flowers. Amer. Soc. Test. Mater., 1914. g 1229. 

Direct Reading, S. F. M^Michael. k 961. 

Absolute W. Stone. Engineering, 100, 554. h 1274. 

Chercheffsky's, F. Jean. Rev. Chim. Ind., 9, 20. Q 872. 

Comparison of Engler's and Barbey's, C. Baheux. Les Mat. Gras., 

6, 3221 ; P., 9, 161. g 1145. 
Construction and Use of Engler, C. Engler. Z. ang. Chem., 1892, 

725. L291. 

Engler-Ragosin. A. Ragosin. Chem. Zeit., 26, 628. T 933 ; x 405. 

-^— Engler's, Use of, D. Holde and Schwarz. Mitt. k. t. Ver., 1896, 117. 

O 673. 

forLub. Oils. A. Klinkler. Ding. Poly., 290, 281. M 543. 

Lamansky-Nobel, The, R. Wischin. Chem. Rev. Harz Ind., 7, 73. 

S752. 

r of, L. Singer. Chem. Rev. Harz Ind., 4, 243. Q 182. 

Results, Comparison of Engler and Redwood, W. F. Higgins. / 568, 

Suggested Form of, W. C. Cope, ja 1046. 

Viscosimetry. B. Redwood. F 412. 

or Viscometry. B. Redwood. E 121. 

Viscosity and Lubrication. C. F. Mabery and J. H. Mathews. J. Amer. 

Chem., Soc, 30, 992. a 678. 

and Paraffin Content. E. Pyhala. P., 7, 207. e 18 

App. for Deter, of, G. H. Hurst. K 418. 

Deter, of, R. Dubrisay. ia 1123. 

R. Hackel. Mitt. k. t. Gew.-mus. in Wien, 15, 44. X 460. 

D. Holde. Mitt. k. t. Ver., 17, 62. R 749. 

T. Traube. F 414. 

A. Zega. Chem. Zeit., 26, 734. U 1083. 

Res. D. Holde and A. M. Stange. Mitt. k. t. Ver., 18, 157. 

.V 1003. 

Determinations. E. J. Mills. E 148. 

in Relation to Temp. E. Pyhala. P., 7, 207. e 18. 

Instrument for Deter, of, Alan Speedy, h 597. 

Its Relation to Quality in Lub. Oils. L. E. Thorp. 

Lubrication and Cost. G. White, jl 499. 

Measurement. A. E. Flowers. Amer. Soc. Test. Mater., 1914. g 1229. 

of, 0. Scarpa. Gaz. Chim. ital., 40, 261. d 51. 

of Ab-solute, S. E. Shep])ard. ja 523 ; ia 670. 

Methods and Apparatus used in Testing, W. F. Higgins. / 568. 

Numbers (Engler) and Flashing and Burning Points in Oil Mixtures. 

Comparison of the Calculated and Determined, H. C. Sherman 

and Others, q 13. ^ 



APPENDIX. 281 

Viscosity of Black Min. Oils at Low Temps. D. Holde. Mitt. k. t. Ver., 
1892, 126. K 941. 

of Ilium. Oils and App. for its Deter. L. Ubbelohde. P., 4, 861. 

b 515. 

of Lub. Oils. A. E. Dunstan and J. L. Strevens. e 1063. 

Deter, of, A. Martens. Mitt. k. t. Ver., 1890, 143. / 1042. 

of Mixtures of Oils, Calculation of, C. Molin. Chem. Zeit., 88, 857. 

g739. 
E. Pyhala. P., 7, 207. e 18. 



of Oils. Eff. of Cooling upon. Bender. Mitt. k. t. Ver., 1891, 9, 100. 

J 936. 
in Relation to the Rate of Flow through Pipes, and Discussion. 

R. T. Glazebrook and Others, r 45. 
in the Redwood* and Oswald Viscometers. C. A. Savill and 

A. W. Cox. i 151. 
Paraffin, etc. J. L. Strevens. g 109. 



of Pitch-like Substances. F. T. Trouton and E. S. Andrews. Phil. 

Mag., 7, 347. W 680. 
Tables for Calculation of " True " Viscosity from Number of Seconds. 

Engler, Saybolt, and Redwood. - P. C. M'llhiney. j 433. 
Test for Oils. J. J. Coleman. E 359. 



Visit to U.S.A. and Canada. B. Redwood. F 355. 



War, The, and American Oil. A. C. Bedford, o/a 483, 
Waste Acid. Regeneration of Acid from, R. Ostrejko. A/ 3. 

Utilisation of, St von Pilat and W. Starkel. P., 6, 2177. d 1042. 

(See also Acid.) 

Alkali, Utilisation of, K. W. Charitschkow. West. shir. Wes., 3, 

303 ; Chem. Zeit., 27, Rep. 77. V 488. 

Gas fr., Oil Stills. G. Beilby and J. B. M* Arthur. F 31. 

Gases fr., Min. Oil Stills. Recovery of, N. M. Henderson, d 268. 

in using Lubricating Oils Scient. Amer., 116, 48. 

Liquors fr.. Refining of P., Examination of, R. Zaloziecki. Ding. 

Poly., 290, 258. M 628. 

Lye. Utilisation of, J. Hausmann. P., 7, 13. d 1242. 

Lyes. Utilisation of, E. Pyhala. P., 8, 571. a 439. 

Oils, etc. Recovery of, G. H. Ayres. Times Eng. Suppl., October 30, 

1914. g 1098. 

P. Refiners* Utilisation of, v 588. 

Products for Impregnating Wood. K. W. Charitschkow. Chem. Ind., 

28, 197. S 747. 

Utilisation of, W. Heinrici. Z. ang. Chem., 1898, 525. Q 751. 

Oil, Paint, and Drug Rep., August 7, 1911. d 1041. 

P. Ind. Techn. Rev., 2, 284. S 652. 

F. Ulzer. Z. ang. Chem., 1900, 1273. T 112. 

R. A. Wischin. Z. ang. Chem., 1900, 507. S 727. 

R. Zaloziecki. Chem. Rev. Harz Ind., 5, 27. Q 340. 

Water, Deter, of Oil in, J. M'Farlane and J. Mears. Chem. News, 92, 108. 

from Oil. Separating, S/ 284. ^'9'^'^^^ ^v GoO^lc 

Glass. Refining with, J. R. Michler. Chem. Zeit., 21, 853. P 1009. 



282 PETEOLEFM REFINING. 

Water Oil System. The, E. Groschuff. Chem. Weekblad, 7, 687 ; Chem. 
Zentr., 2, 1342. c 1292, 

' A. Vosmaer. CJhem. Weekblad, 7, 731 ; Chem. Zentr., 2, 

1343. cl292. 
Solubility of, in Benzine and K.O. E. Groschuff. Z. Elektrochem, 17, 

348. d608. 
Wax. Al^al, and its Relationship to P z 201. 

Colliery, fr. Whitehaven, P. P. Bedson. Z 1224. 

Weighing Oil. Lab. App. for, R. Hefelmann. Chem. Zeit., 1891, 16, 989. 

J 862. 
Wood. P. Products for Impregnation of, K. W. Charitschkow. Z. ang. 

Chem., 1899, 737. R 833. 
Preservatives, tjse of P. Products as, K. W. Charitschkow. Z. ang. 

Chem., 1899, 75.7. R 833. 
Treatment of, with Antiseptics fr. P. A. W. Adiasewich. Trudy bak., 

11,243. P45. 

{See also Antiseptic.) 

Wool. Use of Min. Oil for Greasing, Ding. Poly., 294, 44. N 362. 
Works Manager's Handbook. W. S. Hutton. (Crosby, Lockwood & Son.) 



Digitized by 



Google 



SUBJECT INDEX. 

{Exclusive of Appetidix.) 



Abel flash-point apparatus, 6, 9, 14, 23, 33, 
63. 

test, 11. 

flash-point of heavy oils, 16. 

— of oils of low volatility, 

15. 

of viscous or semi- 
solid substances, 16. 

Abcl-Pensky flash-point apparatus, 6, 9, 26, 
28, 33. 

(automatic arrangement), 24. 

Acid tar, 69, 100, 177. 

Agitation and agitators, 69, 177. 

Air, compressed, 98, 177. 

American kerosene, 10, 48, 183. 

Ammonia refrigerator, 143. 

Anti-corrosive composition, 16. 

Anti-fouling composition, 16. 

Aromatic hydrocarbons, 129, 182. 

Ash in pitch, 85, 93. 

Asphalt. {See Pitch.) 

Atmospheric condenser, 112, 129. 

Allan's, 118. 

pressure, correction of flash-point for, 

21, 24, 31, 39. 

Baku, burning oil from, 48, 183. 
Balance, chemical, 2. 

Sartorious, 4. 

specific gravity, 4. 

Westphal, 4. 

Barometric pressure, effect of, on flash-point, 
21, 35. 

relation to, of flash-point, 22. 

Barrel cleaning, 205. 

filling, 205. 

machinerj% 205. 

manufacture, 205. 

— — repairing, 204. 
Barrels, 192. 

welded steel, 202. 

Barringer-Redwood wator-findcr, 108. 
Baum6 hydrometers, 5. 

scale, 5. 

Bauxite, 67, 162. 

filter, 165. 

recovery, 165. 

Bending-point of candles, 169. 
Benzine, 62, 64. 

continuous treatment of, 178. 

crude, " once run," 62, 126. 

estimation of, by Engler's method, 1, 47. 



Benzine, estimation of sulphur in, 49. 

fractions, 64. 

heavy, 64. 

latent heat of, 131, 140. 

rectification, 126. 

Bitumen content of pitch, 85, 92. 
" Bleachers," 178. 
Blow-off cock, 61. 
Boiling-point, 47, 63, 133. 

final, 64. 

initial, 63. 

Borneo distillate, 183. 

^ kerosene from, 183. 

Bottle, specific gravity, 3. 

Woulff, 9. 

Box-naihng machinery, 167. 
Brine circulation, 143. 
British thermal units, 140, 141. 
Bryson's cooler, 147. 

paraffin filter, 166. 

Bulk installations, 193. 

Burmah, burning oil from, 48, 183. 

crude oil, flash-point, 25. 

Burner, cosmos, 183. 

gas, 61. 

oil fuel, 98. 

Burning oil. (See Kerosene.) 
Bustenari distillation, 183. 
kerosene from, 183. 

California, kerosene from, 183. 
Calorific value, estimation of, 1, 49, 52. 
Calorimeter, 49, 62. 
Campina, kerosene from, 183. 
Candle-making tools, 170. 

manufacture, 62, 96. 

moulding machines, 167. 

" night lights," 175. 

packing and boxes, 167. 

wick, 170. 

Candles, decorative, 176. 

self-fitting, 176. 

Carbenes in pitch, 86, 92. 
Carbon, fixed, in pitch, 85, 93. 
Carbonic acid gas, 104. 

refrigerators, 143. 

"Carryover," 112, 114. 

Casks. {See Barrels.) 

Caustic soda, 177, 191. y<-^ t 

Centigrade scale, 6;igitized by VjOOQIC 

Charcoal, 66, 162. ^ 

Chemical balance, 2. 
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Chemical treatments, 68, 95, 177. 

" Close " flash-point, 6. 

aoths, filter, 150. 

Coal Tar and Ammonia, G. Lunge, 129, 191. 

Cock, blow-off, 61. 

drain, 61. 

filling, 61. 

worm-end, 61. 

Cocoanut matting, 154. 
Coefficient of expansion, 2. 
Coke, 62, 68, 126. 
Coking stills. 111, 120, 125. 
Colour, 74. 

analysis, 83. 

estimation of, 74. 

of asphalt, 85. 

of kerosene, 74. 

of lubricants, 74. 

of pitch, 85. 

of wax, 66, 74. 

standard glasses, 75. 

Column, fractionating. . (See Dephlegmator.) 
Compo- tubing, 61. 
Concentration, 62, 125. 
Concrete reservoir, 107. 
Condenser, 59, 61, 63, 111, 114, 129, 140, 219, 
220. 

atmospheric, 112, 118, 129. 

Condensing surface, 140. 

water, 60, 99. 

Continuous column distillation, 131. 

distillation stills. 111. 

Conveyor, 151. 
Coolers, 129. 

(heavy oil and paraffin), Bryson's, 147. 

. Henderson's, 144. 

Thomson's, 147. 

Cooling, rate of, 147. 
Cosmos burner, 183. 
" Cracking," 60, 121, 184. 
Crude benzine, 60, 62. 

oil analysis, 1. 

distillation, 59, 62, HI. 

Crystallisation, 66, 154. 

Davies* Petroleum Tables, 110. 
Decane, 132. 
Decolorisation, 62, 160. 
Decolorising filtration, 66, 162. 

mediums, 66, 162. 

Decomposition, 68. 
Deodorising kerosene, 178, 

petrol, 178. 

Department* (General Refinery), 95, 97. 
Dephlegmator, 48, 60, 61, 64, 126, 214. 
Dictionarij of Applied Chemistry, E. Thorpe, 

99, 142. 
Diesel motor fuel, 184. 
Dipping stove, 198. 
Dirt and water, estimation of, 1 . 
Distillate, Borneo, 183. 

Bustcnari, 183. 

Mexican, 183. 

;^^ — preheater, 121, 130, 214. 
""^Btillatos, kerosene, 65. 



Distillation, continuous. 111. 

column, 131. 

" dry steam," 60. 

Engler's method, 47. 

experimental stiU, 59, 61, 

fractional, 59. 

of crude benzine, 64, 126. 

oU,62, 111. 

of heavy oils, 121. 

of residue, 121. 

pyrogenic, 184. 

rate of, 63, 120. 

vacuum, 60, 67, 120, 126, 139 

volume of steam, 60, 120, 137. ' 

Distribution of products, 95, 192. 
" Double-seam " tin, 201. 
Dow penetration apparatus, 88, 90. 
Drain cock, 61. • 

Drainage, 99. 

separator, 99. 

Drains, 100. 

Drums, 192, 194, 202. 

Ductility apparatus. Smith's, 88. 

of pitch, 85, 88. 

Dutch Indies, kerosene from, 183. 

Edeleanu process, 70, 180. 
Effect of petroleum on health, 104. 
Electric discharge,. 108. 

lighting, 98. 

welding, 108. 

Electrical transformers, 68. 

switches, 68. 

Elsass, burning oil from, 48. 

Employees, housing of, 104. 

Emulsification, 69. 

Enamel, specific heat of, 63. 

Engineering specifications, 95, 107, 209. 

Engler's distillation test, 1, 47. 

" English " setting-point test, 46. 

Erkner tar distillery, 130. 

Erlenmeyer flask, 93. 

Estimation of benzine, Engler's method, 1, 

47. 

of calorific volume, 1. 

of colour, 74. 

of dirt and water, 1. 

of heavy oils by Engler's method, 1, 47. 

of kerosene by Engler's method, 1, 47. 

of paraffin, 65. 

of sulphur, 1, 49, 62. 

Evaporators, 117. 

Examination of 5 per cent, fractions, 1, 59, 

63. 

of petrols, 63. 

for yields of marketable product«, 

1. 
Exchangers. {See Preheaters.) 
Expansion, coefficient of, 2. 
Experimental still, 69. 
Extraction of paraffin, 65, 142. 
of wax from bauxite, 67^166. . 

ngitizedbyGOOQle 
Fahbekheit scale, 5. ^ 

Filling cock, 61. 
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Filling macliiiies, 198, 205. 

" Filming," 84. 

Filter bauxite, 165. 

Bryson's paraffin, 166. 

cloths, 150. 

plates, 150, 151. 

press, 66, 150. 

hydraulic, 150. 

Filtering area, 66, 151. 

Filtrate, 62, 66, 67, 150. 

Filtration, 66, 150. 

rate of, 66, 151. 

Final boiling-point, 64. 

Fire appliances, 101. 

heat, 68. 

precautions, 101. 

" Fire " test, 7. 

trap, 100. ^ 

Fixed carbon in pitch, 85, 93. 

Fhvshing-point, 1, 6, 60, 63, 67, 84. 

apparatus, Abel's, 6, 9, 23, 33, 63. 

model, 14. 

Abel-Pensky, 6, 9, 25, 28, 33. 

automatic arrangement, 24. 

standardising, 38. 

. for petroleum mixtures, model of, 

19. 

Pensky-Marten, 24, 44, 45. 

" close," 6. 

corrections for atmospheric pressure, 21, 

24, 31, 39. 

directions for applying Abel's test, 14, 23. 

effect of barometric pressure on, 21, 35. 

of tropical climate, 22. 

experiments in India, 22. 

in Tendon, 22. 

in Switzerland, 22. 

Gray's, 6, 43, 63. 

legislation in India, 25. 

of an ti -corrosive composition, 16. 

of anti-fouUng composition, 16. 

of Burmah crude petroleum, 25. 

of heavy oils, 15. 

mineral oils, 43. 

of indiarubber solution, 16, 31. 

of metal poHsh, 16. 

of mineral naphtha, 16, 31. 

of naphtha soaps, 19. 

of oils of low volatility, 15. 

of paints, 16. 

of petroleum mixtures, 18. 

not fluid at ordinary tempera- 
tures, 32. 

of solid petroleum mixtures, 19. 

of viscous or semi-solid substances, 16, 

18, 31. 

•* open," 7, 44. 

relation of, to barometric pressure, 22. 

the Abel test, 1 1. 

Flask, "Engler's, 47. 

Erlenmeyer's, 93. 

Wurtz, 63. 

Flow-point of pitch, 85, 88, 94. 

test, 46. 

Flues, internal corrugated, 121, 213. 



Fractional composition, 63 

distiUation, 59, 63. 

examination, 65. 

Fractionating column. {See Dephlegmator. ) 
Fuel consumption, 111, 129. 

economy, 121. 

oil, 111. 

burner, 98. 

refinery, 98, 105. 

tank, 68. 

Full refining scheme, 59. 
Fuller's earth, 66, 162. 

Galicia, burning oil from, 48, 183. 

Gas oils, 2, 50. 

Gases, recovery of still, 121. 

GasoHne, 141. 

Gauge, glass, 61. 

steam, 61. 

German flash-point apparatus, 41. 

kerosene, 183. 

Glasses, standard colour, 76. 

(Jlinsky dephlegmator, 64. 

Gray's flash-point apparatus, 6, 43, 63. 

vortex agitator, 178. 

Grosny, kerosene from, 183. 

Handbook of Chemical Engineering, G. E. 

Davies, 139. 
Health, effect of petroleum on, 104. 
Heat exchanger, 121, 131, 141. 

exchangers. {See Preheaters.) 

latent, 131, 141. 

specific, of enamel, 53. 

of oils, 131, 140. 

of steel, 53. 

Heating coils, 129. 

Heavy oil and paraffin, 62, 65. 

^ distillation, 121. 

fractions, 64, 65, 142. 

oils, 64. 

estimation of, by Engler's method, 

1, 47. 
Heckmann column and still, 127. 
*' Hemmed edge " tin, 194. 
Heptane, 132. 
Hexane, 132. 

Hicks's Laboratory Book of Testing, 7, 49. 
Housing of employees, 104. 
Hydraulic filter press, 150. 

press, 151. 

Hydrocarbons, aromatic, 129, 182. 

paraffin, 182. 

Hydrometer, 2. 

Baume, 5. 

jar, 5. 

standard, 2. 

tHermo-, 5. 

Twaddell, 6. 

Illxjminatino oil. {See Kerosene.) 

power of kerosene, 84, 183. 

of paraffin, 169. 

of stearine, 169. 

Important Topping Plants of Califomia, 
A. F. L. Bell, 114. - 
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India, flash-point experiments in, 22. 
Indiarubber solution, flash-point of, 16, 31. 
Inflammable Liquids Bill, 1801, 16. 
Initial boiling-point, 63. 
Intermediate fractions, 65, 119. 

oil, 62, 64, 141. 

still, 130. 

Japanese acid clay, 66, 162. 
Jar, hydrometer, 5. 
Java, burning oil from, 48. 

Kerosene, 62, 64, 119. 

American, 10, 48, 183. 

chemical treatment of, 177. 

colour of, 74, 81. 

constants, 141. 

deodorising, 178. 

distillates, 65 

estimation of, by Engler's method, 1, 47. 

of sulphur in, 49, 52. 

filming, 84. 

fractions, 65, 126. 

from Baku, 48, 183. 

Borneo, 183. 

Burmah, 48, 183. 

Bustenari, 183. 

California, 183. 

Campina, 183. 

Elsass, 48. 

Galicia, 48j 183. 

Grosny, 183. 

Java, 48. 

Maikop, 183. 

Mexico, 183. 

Moreni, 183. 

Pennsylvania, 48. 

Peru, 183. 

Scotch shale oil, 183. 

Tintea, 183. 

Tustanovice, 183. 

Weitze, 183. 

illuminating value of, 84. 

" once run," 62, 65. 

quality of, 84. 

*^ smoky," 84. 

water white oil, 10, 11. 

Kovdc's test for pitch, 87. 

Laboratory and offices, 97. 

Laboratory Book of TeMing, J. A. Hicks, 7, 49. 

Latent heat, 131, 141. 

Layout of plant, 105. 

Le Bel-Henniger dephlegmator, 64. 

Lennox blower, 51. 

Liebig's condenser, 63. 

Light and Colour Theories, J. W. Lovibond, 

84. 
Lighting, electric, 98. 
Litharge, 70, 178. 

London, flash-point experiments in, 22. 
Loss, 62. 

on heating pitch, 85, 92, 94. 

Lovibond's tintometer, 74, 84. 
Lubricants, colour of, 74. 



Lubricants, residuum, 68. 
Lubricating oil base^62, 125. 

oils, 2, 141, 208. 

chemical treatment of, 69, 177. '\y 

value, 71. 

Mahler bomb calorimeter, 49, 52. 
Maikop, kerosene from, 183. 
Malthencs in pitch, 85, 92, 95. 
Marine oil, 141. 
Marketable products, 1 , 62. 
Melting-point, 46. 
Metal polish, flash-point of, 16. 
Mexico, kerosene from, 183. 
Mineral ash in pitch, 85, 93, 95. 

naphtha, 16, 31. 

Modem Asphalt Pavement, C. Richardson, 85. 

Moreni, kerosene from, 183. 

Motor spirit, estimation of sulphur in, 49. 

Naphtha, 141. 

mineral, 16, 31. 

soaps, 19. 

Naphthenes, 182. 
Normal temperature, 2. 

Octane, 132. 
Offices and laboratory, 97. 
Oil, burning, (iScc Kerosene. ) 
Oil fuel burner, 98. 

intermediate, 62, 64, 141. 

marine, 141. 

pressed, 141. 

rape, 73. 

shale, 120, 183. 

water whit«, 10. 

Oils, ga«?, 2. 

lubricating, 2, 141, 208. 

viscous, 1. 

Oleic acid, 168. 

" Once run " kerosene, 62, 65. 

" Open *' flash-point, 7. 

Paints, fla-sh-point of, 1 6. 
Paraffin, 60, 62, 65. 
Paraffin ** boils," 105. 

crystals, 154. 

extraction, 65, 95, 142. 

filter, 66, 150. 

hydrocarbons, 182. 

precipitation, 154. 

press, 66, 150. 

racks, 154. 

refining of, 66, 142, 154. 

scale, 62, 66, 150." 

specific gravity of, 1. 

*' sweated,*' 66, 160. 

" sweating," 66, 164. 

wax, 141, 167. 

high melting-point, 62. 

low melting-point, 62. 

12-pear dephlegmator, 64. 

Penetration apparatus, I)oWyS;>90. t 

of pitch, 85, 88, 94. i by V^OOQlC 

Pennsylvania, burning oil from, 48. ^ 
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Pensky- Marten apparatus, flaflh-point, 24, 44, 
45. 

Pern, kerosene from, 183. 

Petrol, chemical treatment, 69, 178. 

continuous chemical treatment of, 178. 

deodorising, 178. 

examination of, 63. 

Redwood's distillation test, 63. 

storage, 106, 203. 

tins, 193. 

Petroleum Act, 1871, 9. 

1879,16. 

Indian, 26. 

Burmah crude, flash-point of, 25. 

effect on health of, 104. 

mixtures, flash-point of, 18. 

resisting compositions, 107. 

Petroleum Tables (Davies'), 110. 

Petroleum Technologid^s Handbook, 6. 

Petroleum, Treatise an. Sir Boverton Red- 
wood's, 2, 9, 24, 46, 70, 84, 108. 

Pitch, 62, 64, 68, 85, 125. 

appearance of, 85. 

ash in, 85, 93. 

bitumen in, 86, 92. 

carbenes in, 86, 92. 

cooler, 68, 122. 

ductility of, 86, 88, 94. 

fixed carbon in, 85, 93. 

flow-point of, 85, 88, 94. 

Kovdc's method, 87. 

loss on heating, 85, 92, 94. 

malthenes in, 85, 92, 95. 

penetration, 85, 88, 90, 94. 

softening point of, 85, 88, 94. 

specific gravity of, 1, 85, 94. 

still, 125, 216. 

testing, 85. 

PUnt, layout of, 105. 

selection of, 95. 

Plates, filter, 150. 

Popclka-Veith patent, 133. 

Power, 98. 

Practical Treatise on Mineral OiU and their 
Products, I. I. Redwood, 140. 

Preheaters, 112, 120, 121, 129, 214, 215. 

Preheating, 130. 

Press, filter, 66, 160. 

hydraulic, 151. 

filter, 150. 

Pressure, atmospheric, correction of flash- 
point for, 21, 24, 31,39. 

barometric, effect of, on flash-point, 21 , 

35. 

relation to, of flash-point, 22. 

diminished, 60, 67. 

Products, marketable, 1, 62. 

Pump, vacuum, 60. 

Pyknometer, 3. 

Pyramid filter press, 150. 

Pyrogenic distillation, 184. 

Pyzel's sweating stove, 158. 

Rape oil, 73. 

Rate of oooling, 147. 



Rate of distillation, 63, 120. 

of filtration, 66, 151. 

Receiving tanks, 121. 
Recovery of still gases, 121. 
Rectification, benzine, 126. 
Redistillation, 62, 65, 126. 
Redwood-Barringer water-finder, 108. 

viscometer, 70. 

Refinery fuel, 98, 105. 

general departments, 95, 97. 

roads and traction, 99. 

site, 96, 105. 

Refineries, Scotch, 100. 
Refining operations, 96. 

problem, 1. 

scheme, full, 59. 

Refractionation, 60. 

Refrigeration and Ice- Making Machinery, 

J. B. Lightfoot, 142. 
Refrigerator, ammonia, 143. 

carbonic acid, 143. 

Residue, 62, 64, 68. 

distillation, 121. 

preheaters, 121, 130, 215. 

Residuum lubricants, 68. 
Reservoir, water, 99. 
Roumanian oil, 131, 183. 
Russian kerosene, 183. 

Safety plug, 120 

valve, 61. 

Sartorious balance, 4. 
Scale, paraffin, 62, 66, 150. 
Scotch refineries, 100. 
Scott extractor, 165. 
Separator, 69, 99. 
Setting point, 1, 46, 62. 
Shaking machine, 70. 
Shale oil, 120. 

kerosene from, 183. 

*' Shooks," 167. 

Simmons' filling machines, 198, 205.' 

water-finder, 110. 

Single (plain) seam tin, 201. 

Site, refinery, 95, 105. 

Smith's ductility apparatus, 88. 

Soaps, naphtha, 19. 

Sodium plumbite, 70, 178. 

Softening point of pitch, 85, 88, 94. 

Soldering machine, 198. 

Solidifying point, 1. 

Specific gravity, 1, 62, 64, 85, 94, 141, 183. 

balance, 4. 

bottles, 3. 

of liquids, 2. 

of paraffin (wax), 1. 

of pitch, 1, 86, 94. 

of solids heavier than water, 3. 

lighter than water, 2. 

heat of enamel, 53. 

of oils, 131,141. 

of steel, 53. 

Sprengel tube, 3. C^ r^i^t^Ar> 
Standard hydrometei9i;i^;J by ^^OOgLL 
thermometers, 2. 
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Steam boiler, 61, 98. 

" dry," 60. 

Steam gauge, 61. 

superheated, 67, 126. 

superheater, 61, 126. 

supply, 98, 120. 

volume of, 60, 120, 137. 

Stearine, 141, 167. 
Steel barrels, 193, 202. 

specific heat of, 53. 

tanks, specification of, 209. 

Still, cylindrical, 120. 

experimental, 59. 

gases, recovery of, 121. 

intermittent, 130. 

topping, 111-112, 114. 

pitch, 125, 216. 

wagon-shaped, 120. 

StiU-head, 61. 

Stills, coking, HI, 120, 126. 

continuous distillation. 111. 

Storage, 95. 

tanks, 106, 209. 

Stores department, 95. 
Superheated steam, 67, 126. 
Sulphur, estimation of, 1, 49, 52. 

in crude petroleum, estimation of, 1, 49. 

in heavy oils, 49. 

in intermediate oils, 49. 

in kerosene, 184. 

estimation of, 49. 

in motor spirit, estimation of, 49. 

Sulphuric acid, 69, 177. 

Stdphuric Acid and Alkali, Cm. Lunge, 191. 

Sulphur compounds, 70. 

dioxide extract, 184. 

process, 70, 85, 180. 

Sutherland bulb, 1. 

Sweated paraffin, 66, 160. 

Sweating, 66. 

" Sweating " paraffin, 154. 

Sweating stove, Henderson's, 1.54. 

" puU-out/' 158. 

Pyssel's, 158. 

"Sweats," 160. 
Switches, electric, 68. 

Tail-box and tail-house, 121. 
Tank bunds, 107. 

charging, 120. 

(steel) constniction, 107. 

foundations, 107. 

pressure regulator, 107. 

storage, 106. 

Tanks, fuel, 68. 

measurement of contents of, 1 08. 

receiving, 121. 

steel, specification of, 209. 

Tar, acid, 69, 100. 
Temperature, normal, 2. 

regulating device, 66. 

Testing petroleum products, unification of 

methods, 41. 
Thermometers, 5. 
standard, 2. 



Thermotube, 61. 

Thorpe's Dictionary of Applied Chemistry , 99, 

142. 
Times, The, 17. 
Tin-cleaning machine, 201 . 

manufacture, 192. 

painting, 202. 

Tins, double-seam, 201. 

" hemmed edge," 194. 

for kerosene, 193. 

for petrol, 193. 

single (plain) seam, 201. 

testing of, 201. 

Tintea, kerosene from, 183. 
Tintometer for transparent objects, 81. 

for opaque objects, 80. 

Lovibond's, 74, 80, 162. 

Tools, candle-making, 170. 
Topping stills, 111, 112, 114. 
Traction and roads, 99. 
Transformer, electrical, 68. 

oil, 69. 

Transport facilities, 97. 

Treatise on Petroleum, Redwood^ 2, 9, 24. 

46, 70, 84, 108. 
Treatments, chemical, 68, 95, 177. 
Trumble still, 114. 
Turpentine substitutes, 64, 184. 
Tustanovice, kerosene from, 183. 
Twaddell hydrometer, 6. 

Vacuum distillation, 60, 67, 120, 126, 139. 

pump, 60, 61. 

Valve, cone, 61. 

safety, 61. 

Vapour density, 141. 

pressure, 43. 

Viscometers, Redwood, 71. 
Viscosity, 60, 67, 70. 
Viscous oils, 1 . 
" Vortex " agitator, 178. 

Waoon-shaprd still, 120 
" Washers," 177. 
Water bath, 1. 

condensing, 60, 99. 

cooling, 101. 

reservoir, 99. 

supply, 99. 

white oil, 10, 11. 

Water-finder, Red wood -Barrinsrer, 108. 

Simmons', 1 10. 

Wax, colour of, 66, 74. 

paraffin, 141, 167. 

Weitze, kerosene from, 183. 

Welded stcol barrels, drums, and tanks, 202. 

Westphal balance, 4. 

White oil, 64. 

W^icks, candle, 170. 

Works (drainage) separator, 99. 

Workshops, 97. 

Worm-end, 61, 121. 

cork, 61 . ^<-^ T 

WoullTa bottle, 9^igitized by LjOOQIC 
Wnrtz flask, 63. ^ 
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